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INELASTIC RESPONSE OF PRIMARY REACTOR 
CONTAINMENT TO HIGH-ENERGY EXCURSIONS 

by 

Joseph Gvildys and Stanley H. Fistedis 

ABSTRACT 

The analytical part of the inelastic response 
of primary containment to high-energy excursions was 
presented in the first part of this report. This 
supplement integrates the effort in this area. It 
adds primarily the computer program and some other 
analytical considerations, such as a numerical sta­
bility criterion, equations of state of mixed 
materials, and some comparison of the code with ex­
perimental results. 

I. INTRODUCTION 

The mathematical fo rmula t ions , f i n i t e - d i f f e r e n c e equa t i ons , and 

numerical techniques for c a l c u l a t i n g the i n e l a s t i c response of primary 

containment t o a high-energy axisyinmetrlc excursion have been descr ibed in 

d e t a i l in the f i r s t p a r t of ANL-7499. The main purpose of t h i s second 

p a r t (ANL-7499 Supplement) i s the p r e s e n t a t i o n of the corresponding com­

pu te r program and the add i t ion of developments^making the o v e r a l l r epor t 

s e l f - c o n t a i n e d . Thus, t h i s p a r t gives a numerical s t a b i l i t y c r i t e r i o n , 

new a n a l y t i c a l c o n s i d e r a t i o n s , and a comparison with experimental r e s u l t s , 

a l l of which had not been included in the f i r s t pa r t of the r e p o r t . 

Since the m a t e r i a l given in t h i s p a r t i s a con t inua t ion of the p r e ­

ceding work, the same sequence of equat ions and f igures i s mainta ined. 

Whenever p o s s i b l e , the same nomenclature i s used in t h i s p a r t of the 

r epo r t t o p reserve c o n t i n u i t y . However, a l l symbols a re i d e n t i f i e d wher­

ever they f i r s t appear in the t e x t . 

I I . STABILITY OF THE DIFFERENTIAL EQUATIONS 

The s t a b i l i t y equat ions (Eqs. 74 - 76) are used to determine the 

length of the time s t ep tt so t h a t a smal l d i s tu rbance can extend no 



further than the local zone spacing during tt. In the meantime, a lower 

limit is chosen to avoid excessive computations resulting from /t being 

unnecessarily small. Equation 74 is the simplified form of the White 

s tabi l i ty equation^ derived for the pseudoviscosity method. After careful 

comparison of the results of the computer output with an existing known 

solution, i t was found that Eq. 74 was Inadequate. The res t r ic t ion 

imposed by the f i rs t term on the right side of Eq. 74 was too severe for 

certain reactor materials. I t was, therefore, decided to use the White 

s tabi l i ty criterion in i t s originally derived form, that i s , 

"=PF + 4a2 1^1 
1/2 

< 1 , 

where W is White stability number, c is the speed of sound, and AV is 

the change of specific volume. For enhanced computational stability, the 

range of W is limited to values^ between 0.45 and 0.2245. 

For each zone the White stability number is obtained from 

where a is taken as 1.2, and the time interval At is selected so that 

the maximum of the stability numbers for all zones satisfies 

0.035 < ( Y ^ ) < 0.1i>. (138) 
/max 

The speed of sound is given by 

c^ = -V^ fe) . (139) 

The adiabatic equation of s ta te for gaseous materials is taken as 

pV'̂  = constant, (140) 

where n is the isentropic exponent. Thus, 

c = (npV)i/2. * (1^1) 



For solids and liquids, the adiabatic equation of state is assumed to 

have the form 

p = p. !¥-'] (142) 

Upon applying Eq. 139, the speed of sound becomes 

c - [nV(p + P 3 ) ] ' / 2 . ( U 3 ) 

In the above exp re s s ion , the cons tan t s Pg and n are r e l a t e d by 

c^ = V^pgn. (^^^) 

where Cg i s the speed of sound ind ica ted in F ig . 9. 

S u b s t i t u t i o n of Eqs. 141 and 143 i n t o Eq. 137 gives White ' s s t a b i l i t y 

c r i t e r i o n as 

/ H \ 2 ^ nV(P^^ PB) ^ _ A t y ^ , | | ^ | (1^5) 

The above app l i e s both t o condensed ma te r i a l s and gases . The value of pg 

i s taken as zero for gases . 

I I I . EQUATION OF STATE FOR A GROUP OF MIXED MATERIALS 

As s t a t e d in the f i r s t pa r t of t h i s r e p o r t , s o l u t i o n of the b a s i c 

conserva t ion equat ions of mass, momentum, and energy r equ i re s an equat ion 

of s t a t e of the form 

P = PH - 1̂  (^ - ^H>' ' ' ' ' 

where p and E are the p ressure and s p e c i f i c i n t e r n a l energy along the 

Hugoniot centered at pj, , VQ; V i s the s p e c i f i c volume; and Y i s the 

Mie-GrUneisen c o e f f i c i e n t (see Sec t . I I I . A of ANL-7499). Thus, a n a l y s i s 

of the i n e l a s t i c response of a primary reac tor -conta inment s t r u c t u r e to 

high-energy excurs ions r equ i r e s knowledge of the equat ion of s t a t e of the 

reactor mater ia l s . 



In the numerical s o l u t i o n , meshes represent the primary system media. 

No problem e x i s t s in represent ing s ing le ma te r i a l s such as s t e e l or sodium. 

There i s s u f f i c i e n t experimental Hugoniot data for common m a t e r i a l s . 

M. van ThielS provides s u b s t a n t i a l experimental da ta . The r e s u l t s of 

these experiments, although performed under d i f f e ren t environmental con­

d i t ions than in r e a c t o r s , can be made app l icab le for containment c a l c u l a -

t ions • 

A problem i s created when media l i k e the core b lanke t and plenum are 

divided in to meshes. Indiv idual meshes could involve more than one 

m a t e r i a l . Extremely fine meshes are required to confine one m a t e r i a l to 

each mesh zone. Thus, a Hugoniot curve i s needed to r ep resen t the 

pressure-volume r e l a t i o n s for ma te r i a l mixtures . Current ly exper imenta l 

data are not ava i l ab le for such mixtures . To remedy t h i s s i t u a t i o n i t i s 

necessary to develop a method to provide a Hugoniot curve for the mix ture , 

from current ly ava i l ab le Hugoniot data for i nd iv idua l m a t e r i a l s . 

The approach employed in t h i s ana lys i s i s s i m i l a r t o t h a t used by 

Goranson ^ ^ - ^ in describing the dynamic compress ib i l i t y of m e t a l s . The 

two bas ic assumptions a r e : (1) a l l components of the mixture wi th in a 

mesh zone experience the same temperature and p r e s s u r e ; and (2) a l l com­

ponents under pressure maintain t h e i r i n t e g r i t y . 

A. Mixtures Composed of Liquids and Sol ids 

The Mie-Grijnelsen type of equat ion of s t a t e app l i e s to both s o l i d s 

and l iqu ids and can be used for easy cons t ruc t ion of an equat ion of s t a t e 

for a mixture of s o l i d s and l i q u i d s . 

The i n i t i a l volume for a h y p o t h e t i c a l mixture with n components i s 

n 
0̂ =53^31, (146) 

1=1 

where VQJ^ represents the initial volume of component 1. For a specific 

value of p , the total volume of the mixture is 
H 



n n V ° / V \ 

iTi " 1=1 •"•' 1=1 ^ °-
••H 

where V is the volume, V. the specific volume, and (V /VQ^^) is the 
1 1 " - PH 

relative specific volume of the component 1. The value 

of V /VQ, IS obtained from the Hugoniot curve for the individual element. 

The relative compression of the mixture is obtained from Eqs. 146 and 

147: 

V_ = "f̂  (LJ\ ^ , (148) 

PH 

where V/VQ is the relative volume of the mixture at pressure p^, and 

VQI/VQ is the volume fraction of component 1. A plot of p̂ ^ versus 

(V/VQ) as determined by Eq. 148 yields the Hugoniot curve of the mixture 
PH 

of n components. 

B. Mixtures Composed of Gases. Liquids, and Solids 

For mixtures composed of gases, liquids, and solids, the phenomenon 

of shock compression is more complex than in mixtures containing only 

solids and liquids. A satisfactory approximation treats the gases as 

voids and the remainder of the mixture as porous material. As the shock 

compression starts, the work of the external pressure is expended in 

squeezing the voids and in packing the material, thus reducing it to a 

standard volume (standard volume refers to the condition without internal 

voids). The energy expended in compressing the gases is neglected. This 

approximation results in small errors. 

1. Hydrodynamic Crushing 

In the hydrodynamic crushing, the mixture is assumed to behave hydro-

dynamically, i.e., with zero shear stresses. The material in each mesh is 

allowed to be loaded up to its yield stress to overcome the Initial 
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r i g i d i t y , and then to compact a t constant s t r e s s e s u n t i l the voids a re 

completely c losed. 

Let Vo be the s tandard s p e c i f i c volume of the mixture and VQO the 

spec i f i c volume of the porous mixture . Then a Pjj(V,Vo) curve can be con­

s t r u c t e d for the continuous mixture , containing no i n t e r n a l v o i d s , using 

the approach out l ined in Sec t . I I I . A of the f i r s t p a r t . I f the 

Mle-Gr"iineisen coef f ic ien t y i s assumed to be a function of volume, the 

Hugoniot curve of the porous mixture can be approximated by 

PH(V,VOO) = Pn(V,Vo) + ^ E(V,Voo) - E(V,Vo) (149) 

where 

and 

E(V,Voo) = | P H ( V , V O O ) ( V O O - V) 

E(V,Vo) = 2PH(V,VO)(VO V) 

(150) 

Equation 150 gives the i n t e r n a l energy of the porous and continuous mix­

t u r e , r e spec t ive ly . 

Subs t i tu t ion of Eq. 150 i n t o Eq. 149 and s i m p l i f i c a t i o n gives 

Vn 

where 

PH(V,VOO) 

K = - + 1. 
Y 

1 + 

1 + 
00 

K - 1 
' 0 0 

P H ( V . V O ) , (151) 

Thus, the Hugoniot plot of a mixture is represented by a straight line on 

the axis V from VQQ to Vp and then a curve from Vg to V, according to 

Eq. 151. 



2 . E l a s t i c - P l a s t i c Crushing 

11 

In e l a s t i c - p l a s t i c c rush ing , the mixture i s considered to be e l a s t i c -

p l a s t i c , i . e . , shea r ing and energy d i s s i p a t i o n by p l a s t i c flow i s included 

in the crushing of v o i d s . For d u c t i l e porous m a t e r i a l s , the c o n s t i t u t i v e 
1 n 10 The equation for the dynamic compaction has been discussed by Herrmann 

differential equation for the elastic compression or recompression curves 

shown in Fig. 9 is given by 

d ^ l 

dp VnB 0^0 
1 - m. (152) 

ELASTIC 
. JOMPSESSION 

SONIC SPEED Cjo 

z 

Fig. 9. 
Elastic-Plastic Behavior of 
Porous Material before 
Complete Compaction. 
ANL Neg. No. 900-807. 

where Vg and Bg (= Cg2/Vg) are the s p e c i f i c volume and bulk modulus of the 

s o l i d m a t e r i a l in the undeformed s t a t e and Cg i s the speed of sound in 

the s o l i d m a t e r i a l . The function h / | ^ j i s assumed to have a l i n e a r r e l a ­

t i o n : 

where 

i)- ^ " ' ' • 
(153) 

(^-yfe-)i (154) 

1 - a 
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m which eg is the speed of sound in the porous material. The plastic 

curve is represented by the following quadratic equation: 

V - V 
P ° 

'Pg-P (155) 

The q u a n t i t i e s p ^ , p ^ , V^, and V^ a r e d e f i n e d i n F i g . 9 . T h u s , i f s o n i c 

s p e e d s eg and Cgg and t h e e l a s t i c l i m i t s a r e known, one can c o n s t r u c t an 

e l a s t i c and p l a s t i c c o m p r e s s i v e cu rve from Vgo t o Vg, when t h e m i x t u r e i s 

f u l l y compac ted . A f t e r f u l l c o m p a c t i o n , one s h o u l d u s e t h e H u g o n i o t f o r 

t h e hydrodynamic c a s e as o u t l i n e d a b o v e . 

IV. DESCRIPTION OF COMPUTER PROGRAM 

The computer p rogram h a s been w r i t t e n i n FORTRAN-IV l a n g u a g e and i s 

c o n d u c t e d w i t h an IBM-360-75 compute r w i t h 750 k ( b y t e s ) c o r e s t o r a g e . 

The computer code i s known as REXCO-I, wh ich i s a p a r t of t h e REXCO codes 

d e v e l o p e d a t ANL. The FORTRAN s t a t e m e n t s a r e l i s t e d i n t h e A p p e n d i x . 

I n p u t i n s t r u c t i o n s t o t h e p rogram have been d e s c r i b e d In Append ix A of t h e 

f i r s t p a r t of ANL-7499. The f o l l o w i n g a r e t h e c h a n g e s of t h e I n p u t 

i n s t r u c t i o n s : 

Card 
Type 

11 

16 

Columns 

37-45 

1-9 

10 -18 

19-2 7 

28-36 

Format 

( 8 F 9 . 0 ) 

FORTRAN 
Name 

CNU, 

CXj 

CXDj 

CXj 

CXD, 

Description 

Shear modulus of elasticity in 
dynes/cm^ 

KZj versus Zj table. Used 
only when KPPX > 0 on card of 
type 15. 

KZ, 

KZ. 

KZj i s t h e s p r i n g f o r c e , 
• i n d y n e s , f o r t h e d i s ­

p l a c e m e n t Zj , , i n cm. 

•̂2 / 

Use as many c a r d s of t y p e 16 as r e q u i r e d . 

N o t e : The KZj v e r s u s ZT v a l u e s a r e e n t e r e d i n p a i r s i n d e c r e a s i n g 
o r d e r of Z j , s t a r t i n g w i t h Zj ( l a r g e s t d i s p l a c e m e n t ) , Z^ t o 

^ P X " 
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Card 
Type 

17 

Columns 

1-9 

10-18 

19-27 

28-36 

Format 

(8F9.0) 

FORTRAN 
Name 

CVi 

CVDj 

CV. 

Description 

CZj versus Zj table. Used 
only when KPPC > 0 on card of 
type 15. 

CZ, 

I,, I CZi is the damping force, 
in dynes,_for the 

CZ. velocity Zj in cm/sec. 

CVD, 

Use as many cards of type 17 as r equ i r ed . 

Note: The CZi versus Zj values are en te red in p a i r s in decreas ing 
•^Tder of ^ i , s t a r t i n g wi th t^ ( l a r g e s t v e l o c i t y ) , Zj to Zj^p^-

Cer ta in r e s t r i c t i o n s have been put on the computer program, al though 

the a n a l y s i s has been presented in terms of any number of zones . The 

program i s l im i t ed to 3,000 zones, 20 d i f f e r e n t m a t e r i a l s , 20 d i f f e r e n t 

s e c t i o n s , and up to 10 r e a c t o r v e s s e l s . The o the r l i m i t a t i o n s a r e : 

(1) p o i n t s for the Hugoniot curve not to exceed 50; (2) po in t s for a 

s t r e s s versus s t r a i n t a b l e for a r e a c t o r m a t e r i a l not to exceed 50; 

(3) cycles per run for Calcomp display not to exceed 1,000; and (4) d i f ­

fe ren t p l o t s for Calcomp display not to exceed 7. 
« 

The restrictions mentioned above should not be regarded as limiting 

the use of the code. If the computer capacity is sufficiently large, the 

restrictions can be easily removed by changing the dimensions of the 

program. 

V. COMPARISON WITH EXPERIMENTAL RESULTS 

The accuracy of the numerical method has been evaluated by Ash and 

Julke'l by comparison with experimental results. The experimental test 

selected for comparison was performed by the UKAEA. It consisted of an 

enclosed 2-oz charge of RDX/TNT 60/40 and a rigid containment tank (shown 

in Fig. 10). The cross section of the tank, positions of the pressure 

gauges, and the center of the charge are shown in Fig. 11. The idea of 

using an enclosed charge was to delay the time of arrival of the pressure 
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Lifting handle 

Graphite 

shield 

Fig. 10. Cross Section of Model Core and Breeder Structure for UKAEA 
Experiments [from N. J. M. Rees (UKAEA), A Model Investigation 
of Explosion Containment in Single Tank Fast Reactors, pp. 692-
719 in ANL-7120, Proc. of the Conf. on Safety, Fuels, and Core 
Design in Large Fast Pouer Reactors, Oct. 11-14, 1965]. ANL 
Neg. No. 900-673. 
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Cori <cc«u plug 
(night 

Fig. 11. Cross Section of Model Reactor Tank, Shcuing Positions of 
Pressure Gauges and the Center of Charge [from N. J. M. Rees 
(UKAEA), A Model Investigation of Explosion Containment in 
SingU Tank Fast Reactors, pp. 692-71'S in ANL-7120, Proc. of 
the Conf. on Safetn, Fuels, and Core Design in Large Fast 
Pouer Reactors, Oct. 11-14, 1965]. ANL Neg. No. 900-654. 

wave reaching the wa l l and to smear out the wave form. The mathematical 

model i s shown in F ig . 12; because of axisymmetry, only hal f of the con­

f i g u r a t i o n i s shown. 

The computed p res su re h i s t o r y a t the p o s i t i o n of gauge 3 Is shown in 

F ig . 13 . The peak p re s su re was 0.60 kbar , which was not as low as the 

measured peak value of 0.24 k b a r . ' 2 The deformation of the g r id a t the 

time of peak p re s su re at the p o s i t i o n of gauge 3 i s shown in F ig . 12. 

Subsequent s t u d i e s r evea l t ha t the source of e r r o r was in the equat ion of 

s t a t e of the m a t e r i a l s . P a r t i c u l a r l y u n r e l i a b l e i s the d e s c r i p t i o n of the 

lead s h o t . For i n s t a n c e , i f the lead shot was assumed to be water 

s a t u r a t e d , the energy absorpt ion of the confining s t r u c t u r e became 
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i t n i 
Water 

JZ. "Z 

L 
T a 

c h o r g e — ^ 
3 

5 
a. 

^ 1 I N I 
f =0 
(a) 

^ 
^ ^ 

-•• 

///jVd 
•yvYv 
/// / \ y//"\ 
VA.h V/<ti /^^t^J/) 

12Z. 
zit 
J-iJ/ / 
w T - • ' 

H^ ' ^ 

^M^Bx-^iTJlJl 
Smit 
^ 2 : 
TIJ m i l 

t = 368 ^ s e c 
( b ) 

K ^ . i 2 . Configuration of Confined Charge at Initial Time Compared loith 
Distortion of Time of Peak Pressure at Position of Gauge S. 
ANL Neg. No. 900-806. 

Fig. 13. 
The Computed 
Pressure Trace at 
the Position of 
Gauge 3 for the 
Confined Charge. 
ANL Neg. No. 
900-678. 

015 0 20 

u n r e a l i s t i c a l l y low. If the lead shot was t r e a t e d as a t ru ly porous 

mater ia l and was allowed to absorb the energy in the crushing of the 

voids , the peak pressure was a t t enua ted to one-half of the peak for the 

w a t e r - f i l l e d vo ids . Since the performance of a s i m i l a r code, REXC0-H,13 

has been w e l l - e s t a b l i s h e d by comparison with experimental r e s u l t s , i t i s 

f a i r l y c lea r tha t the discrepancy i s due l a rge ly to the inaccura t e 

descr ip t ion of the lead shot r a t h e r than to de f i c i enc ie s in the b a s i c 

REXCO-I code. In one of the t r i a l computations, a l l ma te r i a l s were 
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treated hydrodynamlcally; the computer peak pressure at the position of 

gauge 3 was 1.1 kbar, which was about twice as much as that calculated 

based upon e las t i c -p las t i c behavior of materials. This leads to the 

important conclusion that shear s t ress and plastic-flew effects cannot be 

Ignored in the analysis, and that development of ine las t ic codes para l le l 

to hydrodynamic codes is necessary. As a final remark, to obtain a bet ter 

correlation with the experiments, an improvement on the equations of s ta te 

is needed, especially when the material to be treated is not homogeneous 

and isotropic as in the case of lead shot. 
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APPENDIX 

FORTRAN Program Listing 

C fMH PROGRAM 
C J . G V I L D Y S - 2 / 2 7 / 6 8 
C Tk<0-DIMENSICNAL REACTOR ACCIDENT ANALYSIS 

IMPLICIT REAL*8(A-H,0-Zl 
CnM«10M /O/ R(30OO),Z(30O0),ROOT(3OOO),ZUUT(3OOU).t OOOOI.HOOOO) , 

IRHOOOOO) , VP ( 3000 ), SC ( 3000 ), SDR (3000 I, SO Z (3000), SOT (3000) ,SRZ('3 0O0 
2),MZEP0(3C00),RC(3000),ZO(3000),SSR(3000),SSZ(3000),SST(3000), 
3SSRZ(3000),STR(3000),STZ(3000).KTX(3000),KTY(3COO) 
OIMENSICN TITLE(20) 
DIMENSION DP(20,50),VV(20,50),PO(20),EU(20),GD(20),CO(20)i 

lAA(20),BB(2CI,CC(20l,VO(20),CCf(20),CCK(20),CPLG(20) 
2.CX(50I,CXD(5C),CV(50),CVD(50),CWB(20),CWN(20) 
OIMENSICN CRHC(20),CE(20),CP(20),CY0(20),CNU(20) 
DIMENSION CIJ(5Q),CXIJ(1030) 
CCMMON IMAX,J^AX, IMAXl,JfAXl, IMAX2.JMAX2,IMAX3.JMAX3,NtYCL t 

IINDEXA.INCEXB.IK,JW.ISTOP.IOO. JOO.IOf , JDM.NPP.NCL 
2,KXP(20),KYP(2C),KXYP{1000) 
COfMON KB1.KB2,KB3,KPP,KPPl,KPP2,KPPX,KPPC,KPL1,KPL2 
CCMMON KI1(50),KI2(50I,KJ1(50),KJ2(50 I,KXI(1000),KXJ(1000) 
CCM-^ON I11(10),I12(10),I21(10),I22(10),J11(10),J12(10),J21(10), 

1J22(10),I1X,I2X,J1X,J2X,KK(120) 
CCMMON /A/DELT , OELTO , T I ̂'E , D! ST , WMAX , T I TLE,PP,VV,PU,tU,GO.Ca,AA,BB, 

1 CC.Vn,CCP,CCK,CXl,CX2,CX3,CX,CX0,CV,CVD,PMASS 
l,CRHn,CE,CP,EZER0,EB,CPLG,PLUG.CWB,CWN,CYO,CNU,CIJ,CXIJ 
3,PLGF(1C0C),TME(1000 1,PRS(6,1000) 
REAL*4 TME.PLGF.PRS.TIN 
REAL*4 TITLE 
PEAL*B MZERC 
INTEGER*2 KTX.KTY 

C FCRMATS FCR MAIN PROGRAM 
SOC FCRMAT(18/14) 
502 F0RMAT(5I£,3F12.O) 
503 FCRMAT(6F12.0) 
504 FCRMAT(12I6) 
505 FCPMAT(3It,2F12.0) 
506 FOR»1AT(1H1,20X,18A4) 
508 F O R M A T d H C , ' NO OF R ZONES 

1 * I N I T I A L O - T I M E = ' , E 1 5 . 7 ) 
5 1 0 F O R M A T d H C , ' L I M I T I N G CONST ANTS ' Z 1 HO , • MAX C Y C L E S = ' , I 5 , 

I ' MAX TIME = ' , E 1 5 . 7 , ' MAX D I S T O R T I O N = ' , K l b . 7 , 
2 ' MAX D-T IME = • , E 1 5 . 7 ) 

512 F O R M A T d H C , ' CtiTPUT PARAyETERS ' ) 
514 F C R M A T d H C , ' DETAILED FULL ACCURACY P R I N f O U T fcVfcPY 

1 ' CYCLE U M I L ' , 1 6 , ' P R I N T O U T ' ) 

' . 1 3 , ' NU OF Z ZONES > I 3 i 

i l 3 . 

515 F O R M A T d H C , ' ^ L I M I T E D ACCURACY DISPLAY PKINTCUT OF 20 RESULTS EVERY 

5 i e F O R M A T d H C , ' PICTURE DISPLAY EVERY ' . 1 3 . ' C Y C I F ' I 
52C F C R M A T d H O , ' I N I T I A L WMAX= ' , E l 5 . 7 , ' 0 - T I ME= • , E I 5 ' 7 ) 
522 F O R M A T d H C , ' CFAr.'GED WM AX= • , E I 5 . 7 , ' D - T I M f c = ' . f c l 5 7 ) 
524 F O R M A T d H C , ' A T C YCL E • . I 5 , • T I C t ^ ' , E l b . 7 , • 0 - T I HE= ' , E15 . 7 , 

1 DIST0RT = ' , E 1 5 . 7 , ' AT ZONE ' , 2 1 4 , / ' W M A X = • , E 1 5 . 7 , ' AT ZONE- , 2 1 * ) 
526 F O P M A K / / / / , ' HYDRODYNAMICS ERROR S T O P ' I 
528 F O R M A T d H C , ' CALCULATED WMAX = ' , £ 1 5 . 7 , • 0 - T I ME= • . fcl 5 . 7 ) 
530 F O R M A T d H C , ' ADJLSTEO WM A X - ' , E I 5 . 7 , • D-T I Mfc= ' , E15 . 7 ) 
. 3 2 F C R M A T d H O , ' STOP WMAX GREATER THAN 0 . 1 4 ' ) 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
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0056 
0057 

34 FORMAT!1H1,5HCYCLE,5X,4HTIME,7X,10HPLUG FORCE,2X,12HPRESSURe AT i 
1213,5(8X,2131) 

36 FORMAT!I6,2E14.6,4X,6E14.6) OO** 
DO 20 1 = 1,3000 OO*** 
R d ) = 0 . 00*0 
Z(I)=0. 0061 
RDCT(I)«0. 0062 
ZDOT(I)=0. 0063 
RO(I)=0. 0064 
ZOd)=0. 0065 
MZERO(n = C. 0066 
E(I)=0. 0067 
P(I)=0. 0068 
PHO(I)=0. 006'J 
VP(I)=0. 0070 
SC(I)=0. 0071 
SSR(n = 0. 00/2 
SSZ(I)=0. 00^3 
s s T ( i ) = o . 0 0 ; * 
SDR(I)=0. 00 5 
SCZ(I)=0. 0076 

SRZ(I)=0. °°ll 
STR(n=0. 0079 
STZ(I)=0. °°80 
KTX(I)=0 °°l\ 
SSRZ(II=0. 00°: 
KTY(I)=0 

20 CONTINUE 
DC 25 1=1,20 

EC(I)=0. 00"' 

CC(I)=0. • 
AA(I)=0. 
flB(I)=0. 
C C d ) = 0. 
CRH0(I)=0. 
CEtI)=0. 
CP(I)=0. 
CY0(I(=0. 
CNU(I)=0. 
vo(11=0. 
CCP(I 1=0. 
CCK(I 1=0. 
CPL6(11=0.0 
CWB(I 1 = 0. 
CWN(I)=0. 
CO 25 J=l,50 
PP(I,Jl=0. 
VV(I,J)=C. 

25 CONTINUE otol 
DC 26 J=l,50 

0083 
0084 
0085 
0086 

0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
0103 
0104 
OlOS 
0106 
0107 

CIJ(J)=0. 
CXIJ)=0. 

0109 
0110 
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CV(J1=0. 
CXD(J)=0. 
CVC(Jl=0. 
KillJ)=0 
KI2(Jl=0 
K J K J) = 0 
KJ2(J1=0 

26 CONTINUE 
DO 27 1=1,1000 
K X I d 1=0 
KXJ(I 1 = 0 
KXYP( I 1 = 0 
CXIJ(I)=0. 
P L G F d ) = 0. 
T M E d ) = 0. 
DO 27 J=l,6 
PR5(J,I1=C. 

27 CCNTINUE 
READ 500,(TITLE(I),I=1,181 

; INITIAL CONFIGURATION 
READ 502,I MAX,J^AX,KBl,KB2,Ke3,TI ME,DELT,DELTM 

: LIMITING CRITERIA CONSTANTS 
READ 503,CYCLr',TMAX,DISTM,CEl,DE2 
TIN=TIME 
IF(CYCLM)tO,40,60 

40 CYCLM=100C0. 
60 IF(TMAX)1C0,80,100 
80 TMAX=1G00C. 

100 IF(OISTM)120,110,120 
110 OI$TM=100CO. 

; OUTPUT CONSTANTS 

120 READ 504,lOUA,INUM8A,I0UB,I0UC,IOUT 
JQO=IOUB 
MCYCL=CYCLM 
CX1=1. 
CX2=1. 
CX3=1. 

IFCKBI.EQ.OIGC TO 122 
CX1=-1. 

122 IF(KB2.EC.0IG0 TO 124 

CX2=-1. 
124 IF(KB3.EQ.0IGC TO 126 

C X 3 = - 1 . 
126 CCNTINUE 

IF (DE1 .NE.0 .01GO TO 128 
DE1=0.001 
0E2=0.0C5 

128 CONTINUE 

PRINT 5 0 6 , ( T I T L E ( I I , 1 = 1 , 1 8 1 
PRINT 5C8,IMAX,JMAX,DELT 
PRINT 510,MCYCL,TMAX,DISTM,0ELTM 
PRINT 512 

I F d O U A 1 1 4 0 , 1 4 0 , 1 3 0 
130 PRINT 514,I0U*,INUMBA 

INUMBA=INLMBA-1 • 

0111 
0112 

0113 
0114 
0115 
0116 
0117 

one 
0119 
0120 
0121 
0122 
0123 
0124 
0125 

0126 

0127 
0128 
0129 
0130 
0131 
0132 

0133 
0134 
0136 

0136 
0137 
0138 
0139 
0140 

0141 
0142 
0143 
0144 

0145 
0146 
0147 

0148 
0149 

0150 
0151 
0152 
0153 
0154 

0155 
0156 
0157 
0158 
0159 
0160 

0161 
0162 
0163 
0164 

0165 
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140 
150 
160 
170 
180 

182 

184 
186 

188 

190 

192 

194 

l';6 
198 

200 

IF(lOUailtO,160,150 
PRINT 516,IOUB 
IF( lOUOieO,180,170 
PRINT 518,I0UC 
CCNTINUE 
IMAXl = Ih«AX + l 
IMAX2=IMAX<-2 
Ih'AX3=IMAX«-3 
Ĵ 'AXl = Jt'AX•l 
Jt'AX2=JMA>»2 
Jf'AX3 = JMAX+3 
IP1=2 
IP2=26 
IX=IMAXl/25 
IF(IX)186,ie6,182 
DO 184 1=1,IX 
U K I ) = IP1 
I12(11=IP2 
I21(I1=IP1 
I22(I1=!P2 
IPl=IPl+25 
IP2=IP2+25 
CCNTINUE 
IXX=IMAX1-IX»25 
IF(IXX119C,190,188 
I l X = I X t l 
I2X=I1X 
U K I1X) = IP1 
I 1 2 ( I 1 X ) = I M A X 1 
I 2 K I2X 1=IP1 
I22( I2X1=IMAX2 
GO TO 192 
I1X=IX 
I2X=IX»1 
I 2 K I2X1 = I P 1 
I22( I2X1=IMAX2 
JP1 = 2 
JP2=51 
JX=JMAXl/50 
I F ( J X ) 1 9 8 , 1 9 8 , 1 9 4 
00 196 1=1,JX 
J I K I )=JP1 
J 1 2 ( I l = J P 2 
J 2 K I ) = JP1 
J 2 2 ( I ) = J P 2 
JP1 = J P K 5 C 
JP2=JP2+5C 
CCNTINUE 
JXX=JMAX1-JX»50 
I F ( J X X ) 2 0 2 , 2 0 2 , 2 0 0 
J1X=JX+1 
J2X=J1X 
J I K J1X) = JP1 
J12(J1X)=JMAX1 
J 2 K J2XI = JP1 

0166 
0167 
0168 
0169 
0170 
0171 
01T2 
0173 
0174 
OlTb 
0176 
0 1 7 7 
0178 
0179 
0180 
0181 
0182 
0183 
0184 
0185 
0186 
0187 
0188 
0189 
0190 
0191 
0192 
0193 
0194 
019S 
0196 
0197 
0196 
0199 
0200 
0201 
U202 
0203 
U204 
020b 
02 06 
0207 
0208 
0209 
0210 
0211 
0212 
0213 
0214 
0215 
0216 
0217 
0218 
0219 
0220 
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J 2 2 ( J 2 X ) = J M A X 2 
GO TO 204 

2 0 2 J1X=JX 
J 2 X = J X t l 
J 2 1 ( J 2 X ) = J P 1 
J 2 2 ( J 2 X ) = J M A X 2 

204 CCNTINUE 
DO 208 1 = 1 , 1 2 C 
K K ( I 1 = 1 

2C8 CCNTINUE 
I T I M A = 0 
NCL = 0 
ISTOP=0 
NCYCL = 0 
100 = 0 
L A S T = - 1 
I F d O U T - l ) 2 1 5 , 2 1 5 , 2 1 0 

2 1 0 CALL OTAPE ( R , Z , R O O T , Z D O T , M Z E R O , P , V P , E , K H O , R U , Z U , S C , S S R , SSZ ,SST , 
1 S S R Z , S D R , S D Z , S D T , S R Z , S T R , S T Z , K T X , K T Y , l O U T ) 

T I N = T I M E 
GO TO 4 7 0 

215 CCNTINUE 
CALL H Y D R O I ( R , Z , R D O T , Z D O T , M Z E R 0 , P , V P , E , R H O , R O , Z O , S C , S S R , S S Z , S S I , 

I S S R Z . S D R , S D Z , S O T , S R Z , S T R , S T Z , K T X , K T Y ) 
I F ( l O U C . E C . O J G O TO 2 2 0 
CALL P I C T ( K , Z , P , L A S T ) 

2 2 0 IN0EXA=1 
I F d O U A ) 2 4 0 , 2 4 0 , 6 5 0 

240 I F ( I 0 U B ) 2 < 0 , 2 6 C , 7 0 0 
2 6 0 PRINT 520,WMAX,DELT 
2 8 0 I F ( W M A X . L T . 0 . 1 4 ) G O TO 300 

D E L T = 0 . 5 * C E L T 
WMAX=0.25*WMAX 
PRINT 522,WMAX,DELT 
GO TO 2 8 0 

3 0 0 I F ( W M A X . G T . 0 . 0 3 5 ) G O TC 350 
I F ( D E L T . G T . 0 . 5 * 0 E L T M ) G 0 TO 350 
D E L T = 2 . 0 * C E L T 
WMAX=4.0**.MAX 
PRINT 522,WMAX,DELT 
GO TO 3 0 0 

350 CALL HYDRO ( P , Z , R D O T , Z D O T , M Z E R O , P , V P , E , R H O , R O , Z D , S C , S S R , S S Z , S S I , 
1 S S R Z , S D R , S D Z , S 0 T , S R Z , S T R , S T Z , K T X , K T Y 1 

I F ( C A 8 S ( E Z E R C - £ B 1 / E Z E R 0 . L T . D E 1 1 G 0 TO 3 6 0 
I 0UA=1 
INUMBA=MCYCL 
I F ( D A B S ( E Z £ R 0 - E B I / E Z E R 0 . G T . 0 E 2 ) I S T 0 P = 1 

360 CCNTINUE 
NCYCL=NCYCLtl 

PRINT 5 2 4 , N C Y C L , T I M £ , D E L T , D I S T , l D M , J D M , W h t A X , I W , J H 
I F ( I S T O P . E O . O G O TO 3 7 0 
GC TO 4 5 0 

37C INDEXA=2 
I F d O U A . E Q . O IGO TO 375 

I F ( M O D ( N C Y C L , I C U A ) . E 0 . O . A N 0 . I T I M A . L E . l m j M B A ) G O TO 3 8 0 



CALL PRINTL(R,Z,R0OT,Z00T,MZER0,P,VP,E,RHO,RO,ZO,SC,SSR.SSZ,SST, 
1SSRZ,SDP,SDZ,SDT,SRZ,STR,STZ,KTX,KTYI 
GO TO (26C,400,455),INDEXA 
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375 CONTINUE ° f " 
INDEXB=0 "^'° 
GO TO 390 o^'' 

3 8 0 I T I M A = I T U A t l 0 2 7 8 
I N D E X B = 1 O ^ ' ^ 
GO TO 6 5 0 0 2 8 0 

3 9 0 I F ( I O U B . E C . 0 ) G 0 TO 4 0 0 O « ; B I 

I F ( M O 0 ( N C Y C L , I C U H I . E O . O I G O TO 7 0 0 0 2 8 2 
4 0 0 I F d O U C . E C . O l G O TO 4 0 5 0 2 8 3 

I F ( M O D ( N C Y C L , I C U C ) . £ 0 . 0 ) 0 2 8 4 
I C A L L P I C T ( R , Z , P , L A S T ) 0 2 8 5 

4 0 5 CCNTINUE 0 2 8 6 
4 1 0 I F ( N C Y C L - ^ ' C Y C L ) 4 2 0 , 4 5 0 , 4 5 0 0 2 8 f 
4 2 0 1 F ( T I M E - T M A X 1 4 3 0 , 4 5 0 , 4 5 0 0 2 8 8 
430 IF(DIST - 0IST»'1470,450,450 0^*^ 
450 LAST=1 0290 

IF(lOUB.EO.OlGC TO 455 "^^^ 
INDEXA=3 °^^^ 
GO TO 700 0293 

455 CCNTINUE "%yi 
IFdOUC.NE.O) " ; " 

ICALL PICT(R,Z,P,LAST) 02Vb 
IFUNOEXB.EO.l.CR.IOUA.EC.OlGO TO 750 029(r 

INDEXA=3 
GC TO 6 50 

47C CCNTINUE 
475 IF(WMAX.GT.20.C)G0 TO 490 "^"' 

IF(WMAX.LT.0.14)G0 TO 480 "^"^ 
DELT=0.5*CELT 0^°^ 
WMAX=0.25»WMAX " I " 
PRINT 530,WMAX,CELT jj^^^ 
GO TO 475 _3„, 

480 IF(WMAX.GT.0.0351GO TO 350 "•"" 
IF(0ELT.GT.(0.5*DELTM)1GC TO 350 
DELT=2.0*CELT 
HMAX=4.0*»<MAX 
PRINT 530,H)<AX,DELT 
GC TO 480 

0298 
0299 
U300 

0308 
0309 
0310 
0311 
0312 
0313 

490 PRINT 532 0314 
GO TO 4 5 0 03^5 

6 5 0 ^ C N T I N U E ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ p ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ j j ^ j j . ^ j . j ^ ^ 5 5 j ^ 5 5 j ^ 0 3 ^ ^ 

1 S S B Z , S D R , S D Z , S D T , S R Z , S T R , S T Z , K T X , K T Y ) 

GO TO ( 2 4 C , 3 S C , 7 5 0 ) , I N D E X A 

0 3 1 7 
0 3 1 8 
0 3 1 9 

7 0 0 CCNTINUE _ _ ^ ^ , r , nT - , t D n . o . u p . F . BHO. RQ. ZD. SC.SSR . S S Z ,SST , 0 3 2 0 
0321 
0322 
0323 

7 5 0 CONTINUE 0 3 2 4 
I F I N P P . L E . O I G C TO 7 7 7 3 2 ^ 
PRINT 5 3 4 , ( K X P ( L 1 , K Y P ( L 1 , L = 1 , N P P 1 0 | ^ ^ 

S R I N r s l l l K X V P d K T M E d l . P L G F d K I P R S C L . n . L ^ l . N P P I 0327 

7 7 6 CONTINUE 0 3 2 9 
GO TO 7 7 9 
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777 CONTINUE 
I F ( K P L 1 . L E . 0 1 G 0 TC 7 7 9 
PRINT 535 

535 F 0 R M A T ( 1 H 1 , 5 H C Y C L E , 5 X , 4 H T 1 M E , 7 X , 1 0 H P L U G FORCEl 
DO 77b 1=1 ,NCL 
PRINT 5 3 6 , K X Y P d l , T M t d l , P L G F d ) 

778 CCNTINUE 
779 CONTINUE 

CALL CALC(NCL,NPP,KPL1,KXP,KYP,TME,PLGF,PRS,TITLE,TIN) 
IF(IOUT-1)770,760,770 

760 CALL OTAPE IR,Z,RDOT,ZDOT,MZERO,P,VP,E , RHO,RO, ZO,SC,SSR,SSZ.SST , 
1SSRZ,S0R,SDZ,SDT,SRZ,STR,STZ,KTX,KTY,I0UT) 

770 STOP 
END 

SUBROUTINE C A L C ( N C L , N P P , K P L l , K X P , K Y P , T M E , P L G F , P R b , T I T L E , T l N ) 
DIMENSION K X P ( 2 0 1 , K Y P ( 2 0 1 , T H E ( 1 0 0 0 ) , P L G F ( 1 0 0 0 ) , P R S ( 6 , 1 0 0 0 ) , 

1 DATA d O O O ) , T I T L E ( 1 8 1 ,CXY I 1 0 0 0 ) 
D I M E N S I C N U 1 ( 2 ) , U 2 ( 3 ) , U 3 ( 5 ) , U 4 ( » ) , U 6 ( 4 ) , U 7 ( 2 ) , U 5 ( 2 I 
DIMENSION S C T K ( I O ) 
DATA U I Z ' Tlh'E ' / , U 2 / ' P L U G FORCE ' / , U 3 / ' AX I AL 01 S f L ACEMENT • / , 

1 U 4 / ' R A D I A L D I S P L A C E M E N T ' / , U 5 / ' A T ZUNE • / , 0 6 / • Al ncSM P O I N I V , 
2U7 / 'PRESSLRE ' / 

501 F C R M A T d 6 , ( 6 F 1 2 . 0 ) ) 
502 FORMAK I 6 , 7 E 1 5 . 7 ) 

I F ( N P P . N E . O ) G C TO 16 
READ 5 0 1 , K C A L , S C T , S C T 1 
PRINT 5 0 2 , K C A L , S C T , S C T 1 
GO TO 18 

16 CCNTINUE 
READ 501,KCAL,5CT,SCT1,(SCTK(K),K=1,NPP) 
PRINT 502,KCAL,SCT,SCT1,(SCTK(K),K=1,NPP) 

18 CCNTINUE 
IF(KCAL)2CO,2O0,2O 

20 CALL PL0TS(DATA(1),4000,49) 
CALL PLOT(5.0,C,-3) 
CALL SYMBOL ( C, 5.0, 0.14, TITLEd),0,721 
CALL PLOTdl.0,0,-31 
IF(SCT.LE.0.01SCT=.O001 
XMAX=(TME(NCL1-TIN1/SCT 
IF(KPL1)6C,60,30 

30 CALL AXIS(0,C,U1,-8,XMAX,0,TIN,SCT,10.0) 
CALL S C A L E ( P L G F , 1 0 . 0 , N C L , 1 , 1 0 . 0 1 
PMIN=PLGF(NCL*1 ) 
PDEL=PLGF(NCL+21 
I F ( S C T 1 . N E . 0 . 0 1P0EL=SCTl 
CALL AX I S ( 0 , 0 , 0 2 , 1 0 , 1 0 . 0 , 9 0 . 0 , P M I N , P 0 E L , 1 0 . 0 ) 
x = o . 
Y = ( P L G F ( 1 ) - P M I N ) / P D E L 
I F ( Y . G E . 1 C . O ) Y = 1 0 . 0 
CALL P L 0 T ( X , Y , 3 ) . 



00 50 1=1,NCL 
X=(TME(I1 - T I M / S C T 
Y=(PLGF(I )-PMlN)/PDEL 
I F ( Y . G E . 1 0 . 0 ) Y = 1 0 . 0 
CALL PL0T (X ,Y ,2 ) 

25 

03 80 
0381 
0382 
0383 
0384 

50 CONTINUE °lll 
KNEW=XMAX*2. 03° 
XNEW=KNEW ,„_ 
CALL PLCT(XNEW,0,-3) " " ° 
IF(NPP)18C,18C,60 " " ' 

50 00 150 L=1,NPP "' " 
CO 70 1 = 1,NCL " " * 
CXYIII=PRS(L,I1 03,3 

70 CONTINUE 
CALL SCALE(CXY,10 .0 ,NCL,1 ,10 .01 
FMIN = CXYINCL*1 1 
FDEL=CXY(NCL+2) 
IF(SCTK(L).NE.0.0)FOEL=SCTK(L) "^Z' 
IF(KXP(L).GT.CIGO TO 80 "^^° 
CALL SYMBCL(C,5.0,0.14,U4,0.0,19) 

75 CALL SYMBCL(0,4.5,0.14,U6,0.0,13) 
KXPL=IA6S(KXP(L)) 
KYPL=IA6S(KYP(L)) 
CALL NUMBERd.8,4.5,0.14,FL0AT(KXPL),0.0,-ll 
CALL NUMBER(2.4,4.5,0.14,FLCAT(KYPL).0.0,-1I 
GO TO 100 ' ' " 

8C IF(KYP(L).GT.0)GO TO 90 "2n/ 
CALL SYMBCL(0,5.0,0.14,03,0.0,181 "*"' 
GO TO 75 

0394 
0395 
0396 

0399 
0400 
0401 
U402 
0403 
0404 
0405 

0409 90 CALL SYMBCL(C,5.0,0.14,07,0.0,81 " "' 
CALL SYMBCL!0,4.5,0.14,05,0.0,7) "*'" 
CALL NUMBER(1.0,4.5,0.14,FL0AT(KXP(L11,0.0,-U 0411 
CALL NUMBtR(1.5,4.5,0.14,FLOAT(KYP(L)),0.0,-l) 0412 

100 CALL PL0T(3.0,0.0,-3) 
CALL AXIS(0,0,U1,-8,X^AX,0,TIN,SCT,10.0) , 0*1* 
CALL AXIS(0,0,2H ,2,10.0,90.0,FMIN,FOtL,10.01 0415 
X=0. 0417 
Y=(CXY(11-FMIN1/FDEL O^^g 
IF(Y.GE.10.0)Y-10.0 0419 
CALL PLCT(X,Y,3) 0420 
DP 120 1=1,NCL 0421 
X=(TME(I1-TIN)/SCT 0422 
Y=(CXYd )-FMIN)/FDEL 0423 
IF(Y.GE.1C.0)Y=10.0 0424 
CALL PL0T(X,Y,2) 0425 

120 CCNTINUE 0426 
KNEW=XMAX»2. 0427 
XNEW=KNEW 0428 
CALL PLOT(XNEW,0,-3) 0429 

150 CONTINUE 0430 
180 CALL PLOT(0,0,999) 0431 
200 CONTINUE 0432 

RETURN 0433 
END 
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SUBROUTINE OTAPE , R, Z ,R DCT, ZDOT , M ZERO, P , VtJ.E.KHL, KC, ZO, SC , SSR . SSZ . 

1SST,SSRZ,5DR,SCZ,S0T,SRZ,STR,STZ,KTX,KTY,10UT) 

IMPLICIT REAL*8( A-H,0-Z 1 ,.,„. 

DIMENSION KR1(50I,KR2(501,KZ1(501,KZ2(501,KTM(50),CKH0(20), 

1 C E ( 2 0 ) , C P ( 2 0 ) , K T K 2 0 ) , K T 2 ( 2 0 1 o n r , T > , M A . ^ i«AX31 
DIMENSION n i ' ' A X 3 , J M A X 3 ) , Z d M A X 3 , J M A X 3 ) , R D O T ( I M A X 3 , J M A X 3 . 

1 Z D 0 T ( I M A X 3 , J M A X 3 ) , R 0 ( I M A X 3 , J M A X 3 ) , Z 0 ( I M A X 3 , J M A X 3 , M Z E R 0 d M A X 3 , J M A X 
2 3 ) , E d M A X 3 , J M A X 3 1 , P ( I C A X 3 , J M A X 3 ) , R H O d M A X 3 , J M A X 3 1 , V P ( I M A X 3 , J M A X 3 1 , 
3 S C ( I M A X 3 , J M A X 3 ) , K T X ( I M A X 3 , J M A X 3 ) , K T Y ( I M A X 3 , J M A X 3 ) 

DIMENSION T I T L 6 ( 2 0 I , . , r , . u . . 3 I M X X I 
DIMENSION S S R d M A X 3 , J » ' A X 3 1 , S S Z d M A X 3 , J M A X 3 ,SST MAX3,JMAX3 
DIMENSION S U R ( I M A X 3 , J K A X 3 1 , S D Z ( I M A X 3 , J M A X 3 ) , S D T d M A X 3 , J M A X 3 ) . S H Z d 

lMAX3,JMAX2 1 , S T R ( I M A X 3 , J M A X 3 ) , S T Z d M A X 3 , J M A X 3 ) , S S R Z ( I M A X 3 , J M A X 3 ) 
DIMENSION P P ( 2 0 , 5 0 1 , V V ( 2 0 , 5 0 ) , P 0 ( 2 0 1 , £ 0 ( 2 0 ) , G U ( 2 0 I , C O ( 2 0 ) , 

1 A A ( 2 0 ) , B B ( 2 0 I , C C ( 2 0 1 , V O ( 2 0 1 , C C P ( 2 0 I , C C K ( 2 0 I , C P L G ( 2 0 1 
2 , C X ( 5 0 1 , C X D ( 5 0 1 , C V ( 5 0 ) , C V O ( 5 0 I , C W B ( 2 0 1 , C W N ( 2 0 1 

DIMENSION C Y C ( 2 0 I , C N U { 2 0 1 
DIMENSION C I J ( 5 0 1 , C X I J d 0 0 0 1 
CCMMON I M A X , J M A X , I M A X l , j r ' A X l , I M A X 2 , J - 1 A X 2 , I M A X 3 , J M A X 3 , N C Y C L . 

1 I N 0 E X A , I N C E X B , I W , J W , I STOP , I 0 0 , JOO , I D^', JDM , NPP , NCL 
2 , K X P ( 2 0 ) , K Y P ( 2 C l , K X Y P d O O O ) 

CCMMON K B 1 , K B 2 , K B 3 , K P P , K P P 1 , K P P 2 , K P P X , K P P C , K P L 1 , K P L 2 
CCMMON K I 1 ( 5 0 1 , K I 2 ( 5 0 1 , K J I ( 501 , K J 2 ( 5 0 ) , K X 1 ( 1 0 0 0 1 , K XJ ( 1 0 0 0 ) 
COMMON / A / O E L T , D E L T O , T 1 M E , D I S T , W M A X , T I T L E , P P , V V , P U , E O , G O , C O , A A , B B , 

1 C C , V O , C C P , C C K , C X I , C X 2 , C X 3 , C X , C X U , C V , C V 0 , P M A S S 
1 , C R H O , C E , C P , E Z E R O , E B , C P L G , P L U G , C W B , C W N , C Y O , C N U , C I J , C X I J 
3 , P L G F d 0 0 C l , T M £ ( 1 0 0 0 ) , P R S ( 6 , 1 0 0 0 ) 

R£AL*4 T M E , P L C F , P R S , T I N 
REAL*4 T I T L E 
REAL*8 MZERO 
INTEG£R*2 KTX.KTY 
REWIND 8 
REWIND 9 
GO TO (ICC,200,300),ICUT 

100 WRITE (BINCYCL,TIME,CELT,DIST.DELTO,WMAX,IW,JW,KB1,KB2,KB3, 
1 I 0 0 , J 0 0 , K P P , K P P 1 , K P P 2 , K P P X , K P P C , P M A S S , K P L 1 , K P L 2 , P L U G , C P L G 

W R I T E ( 8 ) R , Z , R D 0 T , Z D 0 T , M Z £ R 0 , P , V P , £ , R H 0 , R 0 , Z 0 , S C , K T X , K T Y , 
1PP,VV,PO,EO,GO,CO,AA,BB,CC,VO,SSR,SSZ,SST,CCP,CCK,KXI,KXJ 
2,CV,CVD,CX,CXD,CRH0,CE,CP,EZ£RC,CWB,CWN,ID»', JUM 
3,SDR,S0Z,SRZ,STR,STZ,SSRZ,CI J,CXIJ,CNU,CYO,KXP,KYP,KXYP 
END FILE i 
GO TO 450 

200 CCNTINUE 

220 READ (9)NCYCL,TIME,DELT,OIST,DELTO,WMAX,IW,JM,KBl,KB2,Ke3, 
IIOQ,J00,KPP,KPP1,KPP2,KPFX,KPPC,PMASS,KPL1,KPL2,PLUG,CPLG 
READ (9 1R,Z,RCCT,ZDOT,MZERO,P,VP,£,RHU,RO,ZO,SC,KIX,KTY, 

1PP,VV,P0,E0,GC,C0,AA,BB,CC,V0,SSR,SSZ,SST,CCP,CCK,KXI,KXJ 

2 ,CV,CVD,CX,CXD,CRHO,CE,CP,EZERG,CWB,CWN,IUM,JOM 
3,SCR,S0Z,SRZ,STR,STZ,SSRZ,CIJ,CXIJ,CNU,CY0,KXP,KYP,KXYP 
GC TO 450 

300 ICUT=1 
GO TO 220 

450 RETURN 
END 
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SUBROUTINE HYOHCI ( R , Z ,RDOT , ZDOT , MZERO, P , V P , fc, RHO, RO, ZO. S C S S R , SSZ , 
I S S T . S S R Z , J D R , S C Z , S D T , S R Z , S T R , S T Z , K T X , K T Y I 

I M P L I C I T F E A L » 8 ( A - H , 0 - Z 1 
D I M E N S I O N K R K 5 0 1 , KR2( 5 0 1 , KZ 1 ( 5 0 1 , KZ2 ( 50 ) , KTM( 50 1 , CRHO ( 2 0 1 , 

1 C E ( 2 0 ) , C P ( 2 0 ) , K T 1 ( 2 0 ) , K T 2 ( 2 0 ) 
D I M E N S I O N R d M A X 3 , J M A X 3 ) , Z ( I M A X 3 , JMAX3 1 , R 0 0 T ( I MAX 3 , JMAX3 ) , 

l Z D O T ( I M A X 3 , J M A X 3 ) , R 0 ( I M A X 3 , J M A X 3 ) , Z O ( I M A X 3 , J M A X 3 ) , M Z f c P O ( r « A X 3 , J h ' A X 
2 3 I , E ( I M A X 3 , J M A X 3 1 , P d M A X 3 , J M A X 3 1 , R H O ( 1 MA X3 , JMA X3 1 , VP( 1MAX3 , JMAX 3 1 , 
3 S C ( I M A X 3 , J M A X 3 1 , K T X ( I M A X 3 , J M A X 3 ) , K T Y t I M A X 3 , J M A X 3 ) 

D IMENSION S S B ( I M A X 3 , J M A X 3 1 , S S Z d M A X 3 , J M A X 3 1 , S S T ( I M A X 3 , J M A X 3 ) 
01 MEN"; ION S 0 R d l " A X 3 , J M A X 3 1 , S D Z d M A X 3 , J M A X 3 ) , S U T ( I M A X 3 , J M A X 3 ) , S K Z d 

1 M A X 3 , J M A X 3 ) , S T R ( I M A X 3 , J M A X 3 1 , S T Z ( I M A X 3 , J M A X 3 ) , S S R Z ( I M A X 3 , J H A X 3 ) 
DIMENSION TITLE(201 

D l f - E N S I C N P P ( 2 0 , 5 0 ) , V V ( 2 0 , 50 1 , P0 ( 20 1 , £ 0 ( 2 0 1 , 0 0 ( 2 0 1 , C 0 ( 2 0 1 , 
1 A A ( 2 0 1 , 8 B ( 2 0 1 , C C ( 2 0 1 , V 0 ( 2 0 I , C C P ( 2 0 1 , C C K ( 2 0 1 , C P L G ( 2 0 ) 
2 , C X ( 5 0 1 , C X D ( 5 0 1 , C V ( 5 0 ) , C V O ( 5 0 ) , C W B ( 2 0 ) , C W N ( 2 0 ) 

D IMENSION C Y 0 ( 2 0 ) , C N U ( 2 0 1 
O IMENSICN C I J ( 5 0 1 , C X I J ( 1 0 0 0 ) 
CCMMON I M A X , J M A X , I M A X 1 , J M A X 1 , I M A X 2 , J M A X 2 , I M A X 3 . J M A X 3 , N C Y C L , 

l I N O E X A , l N C £ X B , I W , J W , l S T O P , I O a , J O O , I D f , J D M . N P P . N C L 
2 , K X P ( 2 0 1 , K Y P ( 2 0 1 , K X Y P ( 1 C O O ) 

CCMMON KB1 ,KE2 , K B 3 , K P P , K P P 1 , K P P 2 , K P P X , K P P C , K P L 1 , K P L 2 
CCMMON K I l ( 5 0 ) , K I 2 ( 5 0 ) , K J l ( 5 0 ) , K J 2 ( 5 0 ) , K X I d 0 0 0 1 , K X J ( 1 0 0 0 ) 
COMMON / A / D E L T , OELTO, T I M E , 01 S T , W M A X , d T L E , P P , V V , P U , t O , G O , C O , A A , 8 8 , 

1 C C , V O , C C P , C C K , C X l , C X 2 , C X 3 , C X , C X D , C V , C V O , P M A S S 
1 , C R H 0 , C E , C P , E Z E R U , E B , C P L G , P L U G , C W B , C W N , C Y 0 , C N U , C I J , C X I J 
3 , P L G F d 0 0 C ) , T M E d 0 0 0 1 , P R S ( 6 , 1 0 0 0 1 

R E A L * 4 T M E , P L G F , P R S , T I N 
R E A L * 4 T I T L E 
REAL»8 MZERO 
tNTEGER*2 KTX ,KTY 
DATA P I / 3 . 1 4 1 5 9 2 6 5 3 6 / 
F O R M A T I 8 F 9 . 0 1 
F 0 R M A T ( I 6 1 
F 0 R M A T d 2 I 6 1 
F 0 R M A T ( 6 F ^ . 0 , 1 3 1 
F C R M A T ( 2 I 2 , 7 F 9 . 0 , 2 1 3 1 , „ . . , : . . , , , . , , 

I N THE INPUT CARDS ' , / ' Z O N E ( • I 3 , ' , • 1 3 , 
ARE ' , 2 F 9 . 3 , ' V . S . EXPECTED • 2 F 9 . 3 1 

ENERGY AT S T A R T = ' , E 1 5 . 7 ) 

502 
504 
506 
508 
510 
5 1 2 F O R M A T d H C , ' ERROR 

1 ' 1 - R AND Z ON CARDS 
514 F O R M A T d H C , ' TOTAL 
516 FORMAK 8 F S . 0 1 

FORMATCO MATERIAL CONSTANTS ' ! 
F 0 R M A T d H C , I 3 , 6 E 1 5 . 7 , I 4 1 
F0RMAT(4X,8E15.71 
F0RMAT(1HC,3X,5E15.71 
F0RMAT(5I6,F12.0,2I6,F12.0) 

FORMAT(2I5,7E15.7,2I3) 

F O R M A T d H C PLUG CONSTANTS 

PI2=2.*PI 

READ R ANC Z CCCRDINATES 
REAC 502,(P(I.21,I=2,IMAX2) 
READ 502,(Z(2,J),J=2,JMAX2) 
DO 100 J = 2,J''AX2 

DO 100 I=2,IMAX2 

R(I,J1=R(1.2) 

520 
522 
524 
525 
528 
529 
534 

|,/5I6,E15.7,/18X,2I6,E15.7) 

0488 
0489 
0490 
0491 

0492 
0493 
0494 
0495 
0496 
0497 
0498 
0499 

0500 

0501 
0502 
0503 
0504 
0505 
0506 

0507 
0508 
0509 
0510 
0511 
0512 
0S13 

0514 
0515 
0516 
0517 
0518 
0519 
0520 

0521 
0522 
0523 
0524 
0525 
0526 
0527 
0528 
0529 
0530 
0531 
0532 
0533 
0534 

0535 
0536 
053/ 
0538 
0539 
0540 

0541 
0542 
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Z ( I , J ) = Z ( 2 , J ) 
100 CCNTINUE 

READ 504 ,NSEC 
PRINT 504 ,NSEC 

C NSEC-NO OF RECTANGULAR SECTIONS I N THE SYSTEM 
DO 120 K=1,NSEC 

REAC 5 0 6 , K R K K 1 , K R 2 ( K ) , K Z K K ) , K Z 2 ( K ) , K T K K ) , K T 2 ( K ) , K T M ( K ) 
PRINT 5C5,KR1(K),KR2(K1 . K Z K K I ,KZ2(K),KTKK),KT2(K),KTM(K( 

120 CCNTINUE 
C KRl AND KZl ARE INITIAL ZONE NUMBERS,KR2 AND KZ2 ARE FINAL 
C ZONE NUMBERS IN R ANC Z 01REOT IONS-KTM IS MATERIAL CARD INUICATOK 

READ 504,NMAT 
C NMAT-NJ OF DIFFERENT MATERIAL CARDS 

PRINT 520 
CO 140 K=1,NMAT 
READ 50 8,AA(K),BB(K),CC(K1,CRHa(Kl,Ct(K1,CP(K1,KKK 
PRINT 522,K,AA(K),B8(K),CC!K),CRH0(K),CE(K),CP(K1,KKK 
READ 502,CWN(K),CWB(K1,CPLG(K1,CYO(K),CNU(K) 
PRINT 525,CWN(K1 ,CWB(K1 ,CPLG(K1 ,CY0(K1,CNU(K1 
IF(KKK)14C,140,130 

130 READ 516, (PP(K,I1,VV(K,I),I=1,KKK) 
PRINT 524,(PP(K,1),VV(K,I),I=1,KKK) 
READ 502,P0(K1,R0K,E0(K1,G0(K1,CO(KI 

PRINT 526,P0(K1,ROK,E0(K1,GO(KI,CO(K) 
VO(K)=l./RnK 

140 CCNTINUE 
C CRHO.CE,CP,KT1,KT2 ARH THE INITIAL RHU,E,P,KTX AND KTY VALLIES 

CO 250 K=1,NSEC 
L=KT1(K1 
I1=KP1(K) 
I2 = KR2(K1 
J1=KZ1(KI 
J2=KZ2(K) 
IF(KTM(K) )200,200,160 

160 CO 180 J=J1,J2 
DO 18Q I = U , I 2 

RHO(I,J)=CRHO(L) 
E d , J)=CE(L) 
P(I,J)=CP(L1 
RDOT(I,J1=0. 
ZOOT(I,J1=0. 
KTX(I,J)=KT1(K) 

K T Y d ,J) = KT2(K) 
180 CONTINUE 

GO TO 250 
200 CCNTINUE 

C CAPO INPLT FOR THE CORE SECTION 
DO 210 J=J1,J2 
CO 210 1=11,12 

READ 510,II,JJ,RCl,ZCl,R0OTd,J),ZDOT( I, J ) , R H O d , J ) .E ( I . J ) .PI I, J ) , 
1KTX(IfJ)fKTY(IfJ) 

,''^Tw,^^?'"'-'-^''"^^'^'^^'''''°^"'J*''D0T(I,J),RHOtI,j),E(i,j,,p,i,j, 

PRINT 512,II,JJ,RC1,ZC1,R(I,J1,Z(I,J» 
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STOP 0598 
210 CCNTINUE 0599 
250 CONTINUE 0600 

WMAX=0. 0601 
DC 260 I=2,IMAX2 0602 
Rd,l)=R(I,3) O^OS 
Zd,ll = Z(I,2 1-(Z(I,3)-Z(I,2)) 0604 
R d , JMAX3 )=Rd, JMAXl ) 0605 
Z d , J-1AX3) = Z( I,JMAX2) + (Z(I ,JMAX2)-Z(I,JMAX1)) 0606 

250 CONTINUE 0607 
DC 270 J=1,JMAX3 
R d , Jl = -P(3, Jl 

^ I T ^ l , ^ l - ^ l I ^ l , £ ^ 
K T X ( I , J M A > 2 1 = K T X ( I , J M A X 1 I 
K T Y ( I , J M A X 2 1 = K T Y ( I , J M A X 1 I 
MZERO( I , 1 l = M Z E R C d , 2 1 
M Z £ R 0 d , j r ' A X 2 1 = M Z E R 0 d , JMAXl 1 

CONTINUE 

MZERO dMAX2,J^AX2) = MZERU( I MAX2, JMAXl) 
MZER0dMAX2,l) = MZERQ( IMAX2,2) 
EZERO=0. 
DO 380 J=2,JMAX2 
DO 380 I=2,IMAX2 
IF(I.Eg.II'AX2.CR.J.EQ.JMAX2)GO TO 370 
EZERO=EZER0'-PI2*MZER0d,Jl»E(I.J) 

06 08 
0609 
0610 Z d , J) = Z( 3,J) 

R(IMAX3, J)=RdMAX2,Jl + (RdMAX2,Jl-R( IMAXl, Jll 0611 
ZdMAX3.J) = Z( IMAXl,Jl ZdMAX3,J) = Z( IMAXl,Jl 0612 

27C CCNTINUE 0613 
DC 275 J=1,JMAX2 0614 
RHO( IMAX2,Jl=RHCdMAXl,Jl 0615 

275 CCNTINUE 0616 
DO 300 J=2,JMAXl 0617 
DO 300 I=2,IMAX2 0618 
Al = 0.5»(( 2d*l,J*ll-Z( I,J) l*(Rd*l,JI-R(I,J»l>» 0619 

l-(R(I+l,J*ll-Rd,Jll*(Z(I*l,Jl-Z(I,J*ll)l 0620 
IF(I.EQ.I^AX2IGO TO 280 0621 
1 X = K T X ( I J ) 0622 
W=(CWN(LX)*(P(I, J1*CV.B( LX) )/(RHO( I,J)»Al))»(DbLT/1.2)»»2 0623 
IF(W.LE.WfAX)GO TO 280 0624 
V,MAX = W 0625 
IW=I 0626 
JW = I. 062 7 

280 CCNTINUE 0628 
RBARl = 0.2 5»!R( I,J*1)+R(I*1,J*11»P(I*1< J'*P"'-" ' 0629 

300 MZEROd,J) = Al»RBARl*RHOd,J) 0630 
DO 340 1=2,IMAXl 0631 
KTX(I,l)=KTX(I,2) • 063^ 
KTY( I,11=KTY(I,21 0"f 0534 

0635 
0636 
0637 
0638 
0639 

34C CCNTINUE 
nC 360 J=1,JMAX2 
KTX(1,J1=KTX(2,J1 "^7, 
KTY(1,J1=KTY(2,J1 
KTX(IMAX2,J1=K1X(IMAX1,J) 
KTY(IMAX2,J1=KTY(IMAX1,J) 
^'ZERn(l, J ) = MZEFL(2,J) 

360 CONTINUE 

0642 
0643 
0644 
0645 
0646 
064 7 
0648 
0649 
0650 
0651 
0652 
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370 CCNTINUE 
ROd ,J)=Rd,J) 
ZOd,J) = Z( I,J) 

380 CCNTINUE „. , „, ,,_ 
READ 528,KPP,KPP1,KPF2,KPPX,KPPC, PMASS,KPL1,KPL2,PLUG 
PRINT 534,KPP,KPP1,KPP2,KPPX,KPPC,PMASS,KPL1,KPL2,PLU0 
IF(KPPX.LE.0)GC TO 80 
READ 516,(CXd ),CXD(I1 ,I = 1,KPPX1 
PRINT 524, (CX(11,CXD( I 1,1=1,KPPX) 

80 IF(KPPC.LE.0)GO TO 82 
READ 516,(CV(I),CVD(I1,I=1,KPPC1 
PRINT 524,(CV(I),CVD(I) ,1=1,KPPC1 

82 CCNTINUE 
86 CONTINUE 

READ 504,NPP 
PRINT 504,NPP 
IF(NPP.LE .OIGO TO 88 
READ 506,(KXP(L1,KYP(L1,L=1,NPP) 
PRINT 5 0 6 , ( K X P ( L ) , K Y P ( L 1 , L = 1 , N P P ) 

88 CCNTINUE 
PRINT 5 1 4 , £ Z E R C 
DELTO=0 
OIST=0. 
100 = 0 
IX=0 
DC 4 5 0 I = 2 , I M A X 2 
DO 4 5 0 J=2 ,JMAX2 
L X 1 = K T X ( I , J ) 
LX2 = K T X d - l , J ) 
L X 3 = K T X d - l , J - l ) 
LX4 = K T X d , J - 1 1 
I F ( C P L G ( L X 1 1 . E C . O I G O TO 4 3 4 
I F ( C P L G ( L X 2 1 . E O . O I G O TO 428 
I F ( C P L G ( L X 3 I . E Q . 0 1 G 0 TO 4 2 4 
I F ( C P L G ( L > 4 ) . E C . 0 ) G 0 TO 422 
GO TO 450 

422 IX=IX+1 
KXK 1X1 = 1 
K X J ( I X ) = J 
C X I J ( I X ) = 3 . 
GO TO 4 5 0 

4 2 4 I F ( C P L G ( L X 4 1 . N E . 0 1 G U TO 422 
426 I X = I X + 1 

KXK 1X1 = 1 
KXJ(IX1=J 
CXIJ(IX1=2. 
GO TO 4 5 0 

4 2 8 I F ( C P L G ( L X 3 I . IVE.OIGO TO 422 
I F ( C P L G ( L X 4 1 . N £ . 0 1 G 0 TO 426 

4 3 2 I X = I X + 1 
KXK 1X1 = 1 
K X J ( I X ) = J 
C X I J ( I X ) = 1 . 
GO TO 4 5 0 

434 I F ( C P L G ( L X 2 I . N E . O I G U TO 4 3 6 
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IF!CPLG(LX3).NE.O)GO TO 438 
IF(CPLG(LX41.NE.OIGO TO 432 
GO TO 450 

436 IF(CPLG(LX3).EO.O)GO TO 432 
IF(CPLG(LX4).E0.O)GO TO 426 
GO TO 422 

438 IF(CPLG(LX4).EQ.01GU TO 432 
GO TO 426 

450 CONTINUE 
IOO=IX 
RETURN 
END 

0708 
0709 
0710 
0711 
0712 
0713 
0714 
0715 
0716 
0717 
0718 
0719 

SUBROUTINE HYDRO (R,Z,KCCT,ZDOT,MZER0,P,VP,E,KHO,R0,ZU,SC,SSR,SSZ, 
1SST,SSRZ,SDR,SCZ,SDT,SRZ,STK,STZ,KTX,KTY1 

IMPLICIT REAL*8(A-H,0-Z) 
OIMENSICN R( If AX3,JMAX3),Z(IMAX3, JMAX3),RDOTdMAX3,JMAX3). 

1ZD0T(IMAX3,JMAX3 1.R0( IMAX3,JMAX31 , ZU( I MAX3, JMA X3 1 , MZEKUd MAX3 , JMAX 
231,E(lMAX3,JMAX3),PdMAX3,JMAX3),KH0( I M AX3 , JMAX3 ) , VP ( IM AX3, JMAX3 ) , 
3SCdMAX3, JMAX3 l,KTXdMAX3,JMAX31 ,KTY( IMAX3, JMAX31 
DIMENSION SSR ( I MAX3,JMAX3 1, SSZ dMAX3,JMAX31, SST dMAX3, J MAX3 1 
DIMENSION SDR( I l'AX3 , Jf AX3 1 , SDZ (I MAX3, JMAX3 1 ,SDT ( IMAX3, JMAXi I, SKZ( I 

lMAX3,JMAX?l,STR(IMAX3.JMAX31.STZ(IMAX3,JMAX3l,SSRZdMAX3,JMAX31 
DIMENSION TITLE(20I 
01 MEN": I ON PP(20,5Ol,VV(20,5Ol,PO(20),EU(20),GU(2U),CU(2O), 

1AA(20),ee(20),CC(20),VO(20),CCP(20),CCK(201,CPLG(20I 
2,CX(50I,CXO(501,CV(50I,CVD150),CWB(20),CWN(20I 
DIMENSION CRHO(20),CE(20),CP(20),CYO(20),CNU(20» 
DIMENSION C1J(50),CXIJ( 1000) 
CCMMON IMAX, JC AX, IMAXl, Jl-AX 1,1 MAX2, JMAX 2,1 MAX3, JMA X3,NC YCL, 

1INOEXA,1NCEXB,IW,JW,ISTUP,1«0,JOO,IDM,JDM,NPP,NCL 
2,KXP(20),KYP(2C),KXYP(1000) 
COMMON KB1,KB2,KB3,KPP,KPP1,KPP2,KPPX,KPPC,KPL1,KPL2 
CCMMON KI K50),KI 2 (5C1,KJ 1(501 ,KJ2(50),KXK 1000 ),KXJ (1000) 
COMMON /A/D£LT,CELTO,T1M£,DIST,WMAX,TITLE,PP,VV,PO,EO,GO,CO,4A,BB, 

1 CC,VO,CCP,CCK,CX1,CX2,CX3,CX,LXD,CV,CVO,PMASS 
1.CRHO,CE,CP,EZERO,FB,CPLG,PLUG,CWB,CWN,CYO,CNU,CIJ,LXIJ 
3,PLGFdOOC),TMEdOOO),PRS(6,1000) 
PEAL*4 TME,PLGF,PRS,TIN 
REAL*4 TITLE 
REAL»8 MZEFO 
INTEGER*2 KTX,KTY 

504 FORMAn-'piESSURE-ENERGY ITERATION HAS NOT CONVERGED FOR POINT', 

506^FORiAT(lHC,7X,'TII'E INTERNAL ENERGY KINETIC ENERGY',3X, 

I'TOTAL ENERGY',/4E15.7) . ,̂ , ̂  ,, 
512 FrRMAT(5X,' FCRCE ON PLUG EXCEEDS ALLOWABLE VALUE ',2tl5.7) 
513 F0RMAT(5X,' ALLCWABLE STRAIN IS EXCEEDED') 
517 FCRMAT(2It.8E14.6./12X,8E14.bl 
5iq FORMATC PLASTICITY EXISTS AT ZONE ',213,' 

FAILURE INDEX =',E15.7) 

0720 
0721 
0722 
0723 
0724 
0725 
0726 
0727 
0728 
0729 
0730 
0731 
0732 
0733 
0734 
0735 
0736 
0737 
0738 
0739 
0740 
0741 
0742 
0743 
0744 
0745 
0746 
0747 
0748 
0749 
0750 
0751 
0752 
0753 
0754 
0755 
0756 
0757 
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0758 
0 759 
0760 
0761 
0762 
0763 

P I 0 4 = P I / 4 . 
P I 2 = P I * 2 . 
P I 0 2 = P I / 2 . 
T K E = 0 . 
T I E = 0 . 
WMAX=0. 
SCUND=2.5C5 0754 
U E P = 1 . 0 0765 
R E P = 1 . 0 E - 6 0765 
P E P = 1 . 0 E - 4 0767 
D I S T = 0 . 0768 
P H P = - C Y O ( 2 ) / 3 . 0759 
D E L T B = 0 . 5 * ( D E L T C t D E L T ) 0770 
TM=T IME+0 .5»DELT 0771 
T IME=TIME+DELT 0772 
CELTO=D£LT 0773 
DO 40 I = 2 , I M A X 2 0774 
R ( I , 1 1 = R( 1,31 0775 
Z ( I , 1 ) = Z ( I , 2 1 - ( Z ( I , 3 1 - Z ( I , 2 1 1 0776 
R ( I , J M A X 3 1 = R ( I , J M A X l ) 0777 
Z d , J M A X 3 ) = Z d ,JMAX2) + ( Z ( I , J H A X 2 ) - Z d , JMAXl ) ) 0776 

4 0 CONTINUE 0779 
DC 60 J=1 ,JMAX3 0780 
R d , J l = - P ( 3 , J 1 0781 
Z d , J ) = Z ( 3 , J ) 0782 
R d M A X 3 , J)=R ( I M A X 2 , J K ( R ( I M A X 2 , J I - R ( 1 M A X 1 , J ) ) 0783 
Z ( I M A X 3 , J ) = Z d M A X l , J l 0784 

6 0 CCNTINUE 0785 
00 80 1 = 2 , I M A X l 07B5 
RHO( I , l l = R H C d , 2 1 0787 
P d , l l = C X 3 * P d , 2 1 0788 
S D R d , l ) = C X 3 * S C R d , 2 ) 0789 
S D Z ( 1 , 1 ) = C X 3 » S C Z ( 1 , 2 ) 0790 
S D T d , l ) = C X 3 * S C T d , 2 ) 0791 
S R Z ( I , l ) = - S R Z d , 2 ) 0792 
R H O ( I , J M A X 2 1 = R F C ( I , J M A X 1 1 O793 
P d , J - 1 A X 2 1 = C X l * P d , J M A X l l 0794 
SDR ( I , J M A X 2 ) = C X l * S D R d , J C A X l ) 0795 
SDZ( I , J M A > 2 ) = C X l * S D Z d , J M A X l ) 0795 
S D T ( I , J M A > 2 1 = C X 1 * S D T ( I , J M A X 1 1 0797 
S R Z d , J M A X 2 1 = - S R Z d , J M A X l l 0798 

eO CONTINOE 0799 
CO 100 J=1 ,JMAX2 
R H O d , J 1 = R H C ( 2 , J l 
P ( 1 , J 1 = P ( 2 , J I 
S D R ( 1 , J ) = S D R ( 2 , J l 

0800 
0801 
0802 
0803 

S 0 Z d , J l = S D Z ( 2 , J l 0804 
S D T d , J l = S D T ( 2 , J l 0805 
S R Z ( 1 , J 1 = S R Z ( 2 , J 1 0g05 
R H 0 d M A X 2 , J l = R H C ( I M A X l , J ) 0807 
P d M A X 2 , J ) = C X 2 * P d M A X l , J l 0808 
S 0 R d M A X 2 , J l = C X 2 * S D R d M A X l , J ) 0809 
S D Z ( I M A X 2 , J ) = C X 2 * S 0 Z ( I M A X 1 , J ) 0810 
SDT{ I M A X 2 , J ) = C X 2 * S D T d M A X l , J l O g , , 
S R Z d M A X 2 , J l = - S R Z ( I M A X l , J l 0812 
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94 
95 

101 

100 CCNTINUE 
LOOP 140 TO CALCULATE VELOC 

DO 140 J=2,JMAX2 
DO 140 I=2,IMAX2 
CTDl=.2 5*CAJS(Rd,J*ll* 
CTD2=.2 5»CABS(R(I-1,J*1 
CTD3=.2 5*CABS(R(I-1,J)+ 
CTD4=.2 5*CAaS(P(I,J)*R( 
C0NST=1./(MZERC(I,J)/CT 

1+MZER0(I,J-1)/CTD41 
Pl=Pd,J)-P( I-1,J-11 
P2 = P d - l , J)-P( 1,J-1) 
P4=-P2 
IF(SRZ(I,J).NE .O.O.OR.S 

lSP^d-l,J-l).^E.o.o)GO 
KL = 2 
GO TO 96 
KL = 1 
CCNTINUE 
GO TO (101,103),KL 
CCNTINUE 
A1=-.5*((R(I,J+11-R(1*1 

11*(Z(I,J*1)-Z(I*1,J))1 
A2 = -.5*((Rd-l,J + ll-R( I 

1 )*(Z(I-l,J + 1)-Z(I,J)I) 
A3=-.5*((R(I-1,J)-R(I,J 

1 1*(Z(I-l,Jl-Z(I,J-11)) 
A4 = -.5*((fi( I,J)-Pd*l,J 

1 1»( Z( I, J)-Z( K I , J-1 1 ) I 
CO0O = 0 . 2 5 » ( ( 2 . * S D R ( I , J ) 

1 S 0 Z ( I - l , J l l * A 2 / M Z E R U d -
2 M Z E R 0 ( I - 1 , J - 1 ) * ( 2 . » S D R ( 

CDD = 0 . 2 5 * ( S R Z ( I , J 1 * 4 1 / M 
l S P Z ( I - l , J - l l * A 3 / M Z E R 0 d 

R1 = R( K I , J l - R ( I - l , J ) 
R 2 = R ( I , J - 1 ) - R ( I , J * 1 ) 
Z1 = Z ( K 1 , J l - Z ( 1 - 1 , J ) 
Z 2 = Z ( I , J - l ) - Z ( I , J * 1 ) 
R13 = R K R 2 
Z 1 3 = Z 1 * Z 2 
R 2 4 = R 1 - R 2 
Z 2 4 = Z 1 - Z 2 
SRZ1=SRZ(I,J)-SPZ(I-1,J 
SRZ4 = SRZ( I,J-1 )-SRZ(I-l 
IF(IQO.EO.O)GC TO 119 
DO 112 K=1,IQ0 
IF(I.EO.KXI(K1.AND.J 

112 CCNTINUE 
GO TO 1 1 9 

116 C C C C = C D D D * 4 . / C X I J ( K 1 
C D D = C 0 0 » 4 . / C X I J I K 1 

119 CCNTINUE 
103 CCNTINUE 

I F ( I . E 0 . 2 1 G C TC n o 
I F ( 1 . N £ . U A X 2 I G C TO 108 

ITIES AND ACCELERATIONS 

R ( K l , J * l l * R d + l , J K R ( I , J K 
K R d , J * l K R d , J ) * R d - l , J ) > 
R d , J ) * R d , J - l K R ( l - l , J - l ) l 
K l , J K R d * l , J - l l * R d > J - l l > 
D K M Z E R O d - l , J l / C T D 2 * M Z E R O ( I - l , J - l l / C T D 3 

i R Z d - l , J ) . N E 
TO 94 

• O . O . O K . S R Z d . J - U . N E . O . O . O K . 

, J ) ) * ( Z d * l , J + l ) - Z ( I , J ) l - ( R t I * l , J * l ) - R ( l . J I 

, J ) ) * ( Z d , J * l l - Z ( I - l , J ) ) - « R ( l , J * l l - R < I - l . J I 

- l ) ) * ( Z d , J l - Z ( I - l , J - l l l - ( R d . J » - R K - l . J - H 

- 1 ) ) » ( Z ( I + 1 . J 1 - Z ( I . J - 1 1 ) - ( t ^ ( K l , J ) - R ( l , J - l ) 

• SDZ( I , J ) ) * A 1 / M Z E R 0 ( I , J ) * ( 2 . « S D R « I - 1 , J ) * 
l , J ) t ( 2 . * S 0 R ( I - 1 , J - 1 K S D Z d - l , J - l ) l * A 3 / 
I , J - l l + S D Z d , J - l l l * A 4 / M Z E R 0 d , J - l l ) 
Z E R C ( I , J ) * S R Z d - l , J ) » A 2 / M Z E R 0 ( 1 - 1 , J 1 * 
- l , J - l K S K Z d . J - l l * A 4 / M Z E R 0 d , J - l ) l 

- 1 ) 
. J l 

EO.KXJIKlIGO TO 116 

0613 
0614 
0815 
0816 
0617 
0616 
0619 
0620 
0821 
0822 
0823 
0824 
0825 
0826 
062 7 
0828 
0829 
0830 
0631 
0832 
0633 
0834 
0835 
0836 
0637 
0838 
0839 
0840 
0841 
0842 
0643 
0844 
0645 
0646 
0647 
0648 
0849 
0850 
0851 
0852 
0853 
0854 
0855 
0856 
0857 
0858 
0859 
0660 
0861 
0862 
0663 
0864 
0865 
0866 
0867 
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I F ( K P P . E Q . 2 1 G 0 TO 110 
I F ( K B 2 . E 0 . 0 1 G C TO 110 

108 CONTINUE 
GO TO (105,1C71,KL 

105 CCNTINUE ... ,,, 
RDD0T=-C0NST*(P4*Z24-P1»Z13-((SDR(I,J-11-SDR(I-1,J)1»Z24 

l-(S0Rd,Jl-SCR(I-l,J-lll*Z13)*SRZ4»R24-SRZl*R13)+CUOD 
GO TO 109 

107 CONTINUE 
RDDaT=-CONST»(Pl*(Zd , J + 1)-Z (I . J-1 )+Z (I-1 . J )-Z d + 1 . J ) ) 

1-P2*(Z( I,J + 1)-Zd, J-1)+ Z(K1, J)-Z( I-l, Jl)) 
109 CONTINUE 

RDB=RDDOT*DELTB 
IF(DABS(RCB).LT.UEPIGO TO 110 
RDCT(I,J)=R0 0T(I,J1+RDB 

110 CONTINUE 
IF(J.NE.J^AX21G0 TO 122 
IF(KPP.EQ.11GC TO 140 
IF(KB1.EQ.01GC TO 140 
GO TO 124 

122 IF(J.NE.21GC TC 124 
IF(KPP.E0.31GO TO 140 
IF(KB3.EC.0)GC TO 140 

a24 CCNTINUE 
GO TO (125,1271,KL 

125 CONTINUE 
ZDDOT=CONST»(P4*R24-P1*R13-((SDZ(I,J-1)-SDZ(I-I,J))»K24 

1-(5DZ(I,J)-SCZ(I-1,J-1))*R13)»SRZ4»Z24-SRZ1»Z13)+CDD 
GC TO 129 

127 CCNTINUE 
ZDDOT=CCNST*(Pl»(Rd,J+l)-R(I,J-lKR(I-l,J)-R(Kl, JJ) 

2-P2*(R(I, J + l)-R(I,J-l) + R(Kl,J)-Rd-l, J) ) I 
129 CCNTINUE 

ZDB=ZOOOT*DELTB 
IF(DA8S(ZCB1.LT.UEPIGO TO 140 
ZOOT( I,J1=ZD0T( I,JKZDB 

140 CONTINUE 
END CF LOOP 140 

IFIKPP.EO.OIGO TO 498 
TOTP=0.0 
GO TO (41C,47C,480),KPP 

410 00 420 I=KPP1,KPP2 
420 T0TP = TOTP*PIO2»P( I , JMAXl ) * ( R ( K 1, JMAX2 1 **2-Rd , JMA X2 I »»2 ) 

XZ = Z(KPP1,J><AX2)-Z0(KPP1,JMAX21 
XZZ=Z00T(KPP1,JfAX2) 

415 IF(KPPX.LE.O)GC TO 432 
IF(XZ.GE.CXD(1))G0 TO 434 
DO 430 L=1,KPPX 
IF(XZ-CXC(L))430,436,438 

430 CONTINUE 
432 CXXP=0. 

GO TO 440 
434 CXXP=CX(1 ) 

GO TO 440 
436 CXXP=CX(L1 
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-CV(L-l))/(CVO(LI-CVO(L-l)) 

GO TO 44C 
43E CXXP=CX(L-1)+(XZ -CXC(L-1)1*(CX(L)-CX(L-1))/(CX0(L)-CXD(L-11) 

44C CONTINUE 
IF(KPPC.LE.0)GC TC 452 
IF(XZZ.GE.CVC(1)IGO TO 454 
DO 450 L=1,KPPC 
IF (XZZ-CVC (0)450,456,458 

450 CCNTINUE 
452 CXVP=0. 

GO TO 460 
454 CXVP=CV(H 

GO TO 460 
456 CXVP=CV(L) 

GO TO 460 
458 CXVP = CV(L-I K(XZZ-CVC(L-11 1*(CV(L)-
460 XDD0T=(T0TP-CXXP-CXVP1/PMASS 

XCB=XDDOT»OELTfi 
IF(OABS(XCB).LT.UEPIGC TO 496 
GO TO (48*,4ee,492),KPP 

47C DO 472 J=KPP1,KPP2 
47 2 T0TP = TQTP»PI*RdMAX2 , J)*P( IMAXl , J ) »DABS ( Zl 1MAX2 . J + 1 l-Z t IMAX 2. J) I 

XZ=R(IMAX2.KPP1)-R0(IMAX2.KPP1) 
XZZ=RD0T(IMAX2,KPP1) 
GO TO 415 

480 DC 482 I=KPP1,KPP2 
482 T0TP = TOTP + PIO2»Pd,2)»(R(Kl,2)**2-Rd,2 1*»21 

XZ = DAaS(Z(KPPl,2)-ZO(KPPl,2) 1 
XZZ=DABS(ZDCT(KPP1,2)) 
GO TO 415 

484 i;0 4B6 I = 2,IMAX2 
486 ZDOT(I,JMAX2)=ZDOT(I,JMAX2)»XO0OT*DELTB 

GO TO 496 
488 CO 490 J=2,JMAX2 
490 RD0T(IMAX2,J1=RD0T(IMAX2,J)*X0C0T*DELTB 

GC TO 496 
492 DO 494 1=2,IMAX2 
494 ZDOT(I,2)=ZOOT(I,2)-XDDCT»DELTB 

496 CCNTINUE 
498 CCNTINUE 

DO 150 J=2,JMAX2 
DO 150 I=2,IMAX2 
R(I,Jl = R(I,J)*RDOTd, J1»DELT 
Zd,Jl = Z(I,JKZCOT( 1,J)*DELT 
IFIJ FQ.JMAX2.CR.I.EO.IMAX2)GO TO 150 
TKE = TKE:P104*;ZEP0d,J) »,RD0T(I,J)»RDOTd,J)*Z0OTd.J)» 

iToOTd JKRDOT<I,Jd)*R0CT(I,Jd).Z00T(l.JM.«ZDOI(I.J*lK 
2RD0T(Kl,Jtll*RDOT(Kl,Jdl*ZDCT(Kl.J*l)»Z0OT(Kl.J*ll* 
3R00T(K-1,J)»RDCT(K1,JKZ0CT(K1,J1*Z0UT(K1,JI I 

150 CCNTINUE 
C LOOP 220 TO CALCULATE ZONE QUANTITIES 

DO 220 J=2,JMAXl 
DC 220 1=2,IMAXl 
DCTK=0. 
LY=KTY(I,Jl 
LX=KTX(I,Jl 

0923 
0924 
0925 
0926 
0927 
092 8 
0929 
0930 
0931 
0932 
093 3 
0934 
0935 
0936 
0937 
0938 
0939 
0940 
0941 
0942 
0943 
0944 
0945 
0946 
094 7 
0948 
0949 
0950 
0951 
0952 
0953 
0954 
0955 
0956 
0957 
0958 
0959 
0960 
0961 
0962 
0963 
0964 
0965 
0966 
0967 
0968 
0969 
0<y70 
0971 
0972 
0973 
0974 
0975 
0976 
0977 
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0980 
0981 
0982 
0983 
0984 
0985 
0985 
0987 
0988 

0978 
I1=K1 0979 
Ji=J+l 
CDR=SDR(I,J) 
CDZ=S0Z(I,J1 
CDT=SDT(I,J) 
CRZ=SRZd ,J1 
CDRS=SSP{I,JI 
CCZS = SSZ( I,J1 
COTS = SST(I ,JI 
CRZS = SSRZ(I ,J1 
R1=R(I1,J1-R(I,J) 
Zl=Zdl,J)-Zd,Jl 0989 
Dl=Rl*Rlt21*Zl 0990 
V1=(RD0T(I1,J1-RD0T(I,J11*R1*(ZD0T(I1,J1-ZD0T(I,J1I»Z1 0991 
R2 = Rdl,JK-P( I1,J1 0992 
Z2=Z{H,J1)-Z( I1,J) 0993 
D2=R2*R2+ZZ*Z2 0994 
V2=(PD0T{ I1,J1)-R00T(I1,J11*R2»(ZDOT(11,Jl1-ZDOT(I I,J 1 1»Z2 0995 
R3=R( I,Jll-Rdl,Jll 0996 
Z3=Zd,Jl)-Z(Il,Jll 09^7 
D3=R3*R3«-Z3*Z3 0998 
V3=(RD0T( I,Jl)-RDOTdl,Jl))*R3<-(Z0OT( I, J 1 )-ZDOT ( 11 , Jl ))'ZS 0999 
R4=Rd,J)-R( I,J11 1000 
Z4=Zd,Jl-Z( I,J1) 1001 
04=R4*R4*Z4*Z4 1002 
V4=(RDGT( I,J1-R00T(I,Jl))*R4 + ( ZDOT(I,J 1-ZDOT(I,J 11 1»Z4 1003 
R5=Rdl,Jl)-R( I,J1 1004 
Z5=Zdl,Jll-Z( I,J1 1005 
D5 = R5»R5<-Z5*Z5 1006 
X5=R00T(II,J1)-RD0T(I,J) 1007 
Y5=ZD0T(Il,Jl)-ZDCTd,Jl 1008 
V5=X5*R5tY5*Z5 1009 
R6=R(I1,J1-R(I,J11 1010 
Z6=Z( 11 ,Jl-Zd,Jll 1011 
D6=R6*R6+Z6*Z6 1012 
X6=RD0T(II,J1-PC0T(I,J1) 1013 
Y6=Z00T(I1,J1-ZD0T(I,Jl) 1014 
V6=X5*R5+Y6*Z6 1015 
CMST=CMAXK OMAXK D1,D31 /DMINK D1,D31 , OMAX 1 ( 02 , D4)/DMI NI ( 02 , 1016 

104),DMAX1(D5,D6)/0MIN1(05,06)1 1017 
IF(DMST.LE.DIST)GO TO 162 1018 
OIST=DMST 1019 
IDM=I 1020 
JDM=J 1021 

162 CCNTINUE 1022 
DELV=0.0 1023 
AREA=0.5*(Z5*R6-R5»Z6) 1024 
CTRD = 0.25*(R(I,JKR(I,Jl)+Rdl,J)tRdl,Jl)) 102 5 
VCL=AREA*CTRD 1026 
IF(RDOT(I,J).NE.O.O. OR.RDOTdl,J).NE.O.O. OK.ROOT ( I , J 1 ) .NE . 0.0. 1027 

1 OR.PDOT(II,J1).NE.0.0)G0 TO 165 1028 
IF(ZDnTd,J).NE.0.0. OR.ZDCK I1,J).NE.0.0. OR . ZDOT ( I , Jl 1 .NE .0 .0 . 1029 

1 OR.ZDOT( U , Jll .NE.O.OIGO TO 165 1030 
155 CCNTINUE 1031 

RHOT=PHO( I,J) . 1032 
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PTEMP = Pd,J) J O " 
ETEMP=E(I,J) '034 
VP1=0. 1 0 " 
GO TO 200 1036 

165 CONTINUE J037 
RH0T=MZERC(I,J1/VCL 1036 
DELV=1.0/RH0T-1.0/RHC(I,J) 1039 
IF(0ELV.GE.0.01G0 TO 170 1040 
VP1=1.44*AREA*CRH0(LXI*RH0T»RH0T*(0ELV/0ELT)»»2 1041 
GO TO 180 J042 

170 V P 1 = 0 [ 0 4 3 
180 CCNTINUE ' " ^ ^ 

P S T A R = P ( I , J ) 1 ° * * 
I F ( C P L G ( L X ) . £ 0 . 0 . 0 ) 0 0 TO 186 1 0 * 6 

182 CCNTINUE J 0 4 7 
A2A = AREA*AREA J " " 
DSV = d . / R H 0 T d . / R H 0 ( I , J l l / 2 . 1 0 4 9 
DDLV=DELV/DSV J O ' O 
SNW = - ( ( X 6 » R 5 - X 5 * R 6 K ( Y 6 * Z 5 - Y 5 * Z 6 1 ) ' O E L T / ( A2A»2 . I 1 0 5 1 
C 2 W = 1 - 2 . * S N H » S N W \ ° l l 
CNW = 0 S Q P T ( 1 . - S N 1 . » S N W ) J " " 
S2W = 2 . * S N I . * C N W J O ' * 
0 R 0 R = ( X 6 * Z 5 - X 5 * Z 6 ) / 4 2 A J " " 
CRDRT=ORCP*DELT J " ' ° 
D Z D Z = - ( Y 6 » R 5 - Y 5 * R 6 ) / A 2 A ' " ' ' 
CZDZT=DZDZ*OELT JO 
D T C T = n O L V / O E L T - ( D R D R * D Z 0 Z ) J " ' ^ 
DTDTT=DTOT*DELT { 
D R D Z = ( ( Y 6 « Z 5 - Y 5 * Z 6 ) - ( X 6 » R 5 - X 5 » P 6 ) ) / A 2 A J O b l 
ORCZT=DRDZ»DELT 
S S R d . J ) = S S R ( I , J K D R D R T 
S S Z ( I , J ) = S S Z ( I , J ) » D Z D Z T 
S S T ( I , J ) = S S T ( I , J ) * O T D T T 
S S R Z d , J ) = SSRZ( K J K D R D Z T 
DZZ = ( S C Z ( I , J ) - S 0 R d , J I ) » ( C 2 w - l . ) / 2 . - S R Z d , J » » S 2 W 

DRR=-DZZ , , , 
CRZ = S R Z ( I , J ) * ( C 2 W - l . ) + ( S C Z d , J ) - S 0 P d , J I ) » S 2 W / 2 . 

U N U = 2 . * C N L ( L X ) J o 7 1 
D D L V 3 = D 0 L V / 3 . „ „ 1 0 7 2 
S D R ( I , J ) = S D R ( I , J ) * U N U » ( D R D R T - D C L V 3 K D R R 
SOZ( I , J l = S D Z d , J K U N U » ( D Z D Z T - D D L V 3 K D Z Z 
S C T ( I , J ) = S O T ( I , J K O N U » ( D T D T T - 0 O L V 3 ) 
S R Z d , J ) = S R Z d , J ) + C N U ( L X ) * O R C Z T + ORZ 
S J N l ( S D M I , J ) * * 2 * S D Z d , J ) * » 2 * S D T ( £ . J l * * 2 K 2 . » S R Z d , J ) " 2 1 0 7 6 

C K J = S J N - 2 . * C Y 0 ( L X l » » 2 / 3 . 1 0 7 8 
I F ( C K J . L E . O . ) G 0 TO 1 8 4 1 0 7 9 
P R I N T 5 1 9 , 1 , J , S J N 1 0 8 0 
C K J J = C Y 0 ( L X ) * C S O R T ( . 6 6 6 t 6 7 / S J N ) ^ 0 8 1 
S O R d , J ) = S 0 R ( I , J I * C K J J 1 0 3 2 
S0Z( I , J ) = 5 D Z d , J l * C K J J 1 0 8 3 
SCT( I , J I = SDT( I , J 1 » C K J J 108<, 
S R Z ( l , J ) = S R 7 n , J ) * C K J J 1 0 8 5 

1 0 6 2 
1 0 6 3 
1 0 6 4 
1 0 6 5 
1 0 6 6 
1 0 6 7 
1 0 6 8 
1 0 6 9 
1 0 7 0 

1073 
1 0 7 4 
1075 

" " S 2 2 ; i o S O R T ( < S C Z ( I , J . - S O R d , J . ) . » 2 M 2 . . S R Z ( . . J ) . * » 2 ) / 2 . 1 0 6 6 

S 1 2 N = ( S D R ( I , J ) * S D Z ( I , J I ) / 2 . 
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STR( I , J ) = S 
S T Z d , J ) = S 
S > X = ( S O R ( I 
S Y Y = ( S C Z ( I 
S T T = ( S D T ( I 
S X Y = ( S R Z ( I 
DDTK=DDTK+ 
I F ( S S R ( I , 
I F ( S S Z ( I , 
I F I S S T ( I , 
I F ( S S R Z d , 
GO TO 186 

183 I S T 0 P = 2 
166 CONTINUE 

GO TO (26C 
260 RATIO=l./( 

IF(RATIO.L 
DO 270 L=l 
IF(VV(LX,L 
IF(RATIO-V 

270 CONTINUE 
PH=0. 
GO TO 295 

278 PH=PP(LX,1 
GO TO 295 

279 L=L-1 
280 PH=PP(LX,L 

GO TO 295 
290 PH=PP{LX,L 

1VV(LX,L-1) 
295 CCNTINUE 

HP = PH 
PH=PH»1.0E 
IF(LX.NE.3 
IF(HP.LE.l 
IF(HP.GE.3 
G=GO(LX)+( 
GO TO 299 

297 G=GO(LX) 
GO TO 299 

298 G=C0(LX1 
299 CONTINUE 

EQUATION C 
EH=EO(LX)+ 
£TEMP=(E( I 

1 ( l . * 0 . 5 * G 
PT£MP=PHtG 
GO TO 2 0 0 

300 CONTINUE 
DO 190 L = l 
ETEMP = E d , 
I F d X . G T . l 
EQUATION C 
PTEMP=AA(L 
GC TO 350 

12N+S22N 
1 2 N - S 2 2 N 
, J l + C D P l / 2 . 
, J K C D Z ) / 2 . 
, J K C D T l / 2 . 
, J K C R Z l / 2 . 
(SXX*DRDRT+SYY*DZDZTtSTT»DTDTTtSXY»URDZTl»DSV 

J) . G E . C P L G ( L X 1 I G O TO 183 
J) . G E . C P L G ( L X ) ) G O TO 183 
J) . G F . C P L G ( L X ) )G0 TO 183 
J l . G E . C P L G ( L X 1 ) G 0 TO 183 

, 3 0 0 1 , L Y 
RHCT»V0(LX1) 
E . V V ( L X , 1 ) ) G 0 TO 278 
, 5 0 
1 . E C O . I G O TO 2 7 9 
V ( L X , L ) 1 2 9 0 , 2 8 0 , 2 7 0 

- 1 H - ( R A T I 0 - V V ( L X , L - 1 1 1 * ( P P ( L X , L 1 - P P ( L X , L - 1 ) 1 / ( V V ( L X , L I -

IGO TC 297 
3 1 . I G O TO 2 9 7 
2 1 . ) G C TO 2 9 8 
C 0 ( L X ) - G O ( L X ) ) * ( H P - 1 3 1 . ) / 1 9 0 . 

F STATE - SOLIDS AND L I Q U I D S 
0 . 5 * (PH + P O ( L X ) ) » ( V 0 { L X ) - 1 . / R H 0 T ) 
, J ) * C D T K - 0 . 5 » ( P H - G » R H U T * E H t V P l * P ( I , J 1 I » D E L V 1 / 
RH0T»DELV1 
* R H 0 T » ( E T E M P - E F K V P 1 

, 2 0 
J K D D T K - 0 . 5 » ( P S T A R t P ( I , J ) ) * D E L V 
IGO TO 344 
F STATE - ARGON 
X 1 » D £ X P ( - B B ( L X ) / ( E T E M P + C C ( L X 1 1 I 
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344 CONTINUE 1 1 * ' 
EQUATION CF STATE - CORE H * * 
P T E M P = A A ( I X 1 * E T E M P * B H 0 T H ^ J ) 

35C CONTINUE H * * 
P T E M P = P T E f P * V P l 1 1 * ^ 
I F ( D A B S ( P T E M P - P S T A R l / D A B S t P T 6 M P * 0 . 0 0 1 1 . L T . 0 . 0 0 1 IGO TO 195 1 1 4 8 

190 PSTAR=PTEhP 1 1 * 9 
PRINT 5 0 4 , I , J 1 1 * 0 
I S T 0 P = 1 1 1 5 1 
RETURN 1 1 * 2 

195 CCNTINUE H * ' 
200 T1E=TI£+P1*MZER0(1,J)*(ETEMP+E(I,Jll 1154 

W=(CWN(LX1»(PTEMP*CWB(LX11/(RHCT»4REAI)•(DELT/1.2)•»2* 1155 
14.0*DABS(CELV*RHnT) 115* 
IF(W.LE.WMAX)GC TC 210 1157 
WMAX=W 1158 
IW=I 1159 
jw=j ii'-o 
A C 1 = A R E A 1 1 * 1 

A C 2 = R H 0 d , J l I J * * ^ 
AC3 = P ( I , J 1 J J " 

210 R H O ( I , J 1 = R H Q T 1 1 * * 
P(I,J1=PTEMP JJ*5 
E d , J l = ETEMP J J ° ° 
V P d , J l = V P l 1 " " 

1 1 6 8 
220 CCNTINUE 

I F ( K P L 1 . E C . 0 I G C TC 2 4 0 1 1 ° ; 
1170 
1171 TPL=0.0 

DC 230 I=KPL1,KPL2 
230 TPL = TPL + PI02*Pd,JMAXl)»(R(Kl,JMAX2)*»2-R(I,JMAX2l»»2» J J 72 

IF(TPL.LE.PLUG)GO TO 240 H ^ ^ 
PRINT 512,TPL,PLUG 
I5T0P=1 

240 CCNTINUE 
IF(ISTOP.NE.2)G0 TO 245 

1174 
1175 
1176 
1177 

PRINT 513 JJ'* 
IST0P=1 

245 CCNTINUE ..o, 
EB=TIE*TKE 
PFINT 506,TIME.TIE,TKE.EB 
NCL=NCL+1 

1182 
1183 
1184 

NPN=1 118i 
IF{NPP.GT.01G0 TO 243 
IF(KPL1.LE.0)GC TO 249 [igj 
GO TO 248 ligg 

243 CCNTINUE H g , 
IFINPP.LE.OIGO TO 248 11,0 
NPN=NPP 1191 
DO 247 L=1,NFP jjq2 
II=IABS(KXP(LI) 11,3 
JJ=IABS(KYP(L)1 ,,„ 
IF(KXP(L1.GT.01G0 TO 244 }' 
PRS(L,NCLl=Rdl.JJI-POdI,JJI JJ^^ 
GC TO 247 ..„, 

244 IF(KYP(L1.GT.01GO TO 246 
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PRS(L.NCLl = Z d I , J J I - Z O ( I I , J J l 

GO TO 247 
246 PRS(L,NCL)=P(II,JJ1 
247 CONTINUE 
248 CONTINUE 

P L G F ( N C L ) = T P L 
T M £ ( N C L ) = T I M E 
K X Y P ( N C L ) = N C Y C L + l 
PRINT 53 6 , K X Y P ( N C L 1 , T M E ( N C L 1 , P L G K NCL ) , ( PR S ( L , NCL I , L = 1 , N P N ) 

536 F C R M A T d 6 , 2 E 1 4 . 6 , 4 X , 6 E 1 4 . 6 ) 
249 CONTINUE 

RETURN 
END 

SUBROUTINE PR I NTF ( R, Z , ROOT, ZDOT, MZERO, P , V P , E , RHO, R C Z O , S C S S R , S S Z , 
1 S S T , S S R Z , S D R , S C Z , S D T , S R Z , S T R , S T Z , K T X , K T Y ) 

I M P L I C I T P £ A L * 8 ( A - H , 0 - Z ) 
DIMENSION R( IMAX3,JMAX3),Z(IMAX3,JMAX3) , R O O T d M A X 3 , J M A X 3 ) , 

1Z00T( IMAX3,JI'AX3I,R0( I MAX 3, J MAX 3) ,Z0( IMAX3, JMAX3 ) , MZERO ( IMAX3,JMAX 
231 ,£dMAX3,JMAX3),P( IMAX3,JMAX3) ,RHO( IMAX3,JMAX3),VP( IM AX3 , JMAX3 ) , 
3SC(IMAX3,JMAX3 1,KTX(IMAX3,JMAX31,KTYdMAX3,JMAX31 
DIMENSION S S R d M A X 3 , jr'AX3),SSZdMAX3,JMAX3),SSTdMAX3,JMAX31 

DIMENSION TITL£(201 
DIMENSION PP(20,501,VV(20,501,P0(201,£0(201,GU(201,CU(201, 

1AA(20I,BB(201,CC(201,V0(201,CCP(20),CCK(20),CPLG(20) 
2,CX(50),CX0{501,CV(501,CV0(50I,CWB(201,CWN(20) 
DIMENSION CRH0(20),CE(201,CP(201,CYO(2O),CNU(20) 

DIMENSION C I J ( 5 0 ) , C X I J d 0 0 0 ) 
COMMOM I MAX,JMAX,IMAXl,JMAXl,I MAX 2,JMAX2,IMAX3,J MAX3,MCYCL, 

1 INDEXA, INCEXB, IW, JW,ISTQP, 100, JQQ, I Df', JDM , NPP , NCL 
2,KXP(20),KYP(2C),KXYPd0C0) 

CCMMON KB1,KB2 ,KB3,KPP,KPPl,KPF2,KPPX,KPPC,KPL1,KPL2 
COMMON KI1(50),KI2(501,KJ1(501,KJ2(501,KXK 10001 ,KXJ( 1000) 
CCMMON /A/0£LT,CELT0,TIM£,DIST,WMAX,TITL£,PP,VV,PU,EO,GU,tO,AA,BB, 

1 CC,VO,CCP,CCK,CXl,CX2,CX3,CX,CXD,CV,CVD,PMASS 
1 , C R H O , C E , C P , E Z E R G , £ B , C P L G , P L U G , C W B , C W N , C Y O , C N U , C I J , C X I J 
3 , P L G F ( l C 0 C l , T M E d 0 0 0 1 , P R S I 6 , 1000 I 

REAL*4 T M E , P L G F , P R S , T I N 
REAL*4 T I T L E 
REAL*8 MZERC 
INT£GER*2 KTX,KTY 

510 F C R M A T d H , 3 C X , 1 8 A 4 / / 1 
5 1 2 F O R M A T d H C CYCLE N 0 = ' , I 5 , ' AT TIME ' , E 1 5 . 7 1 
514 F O R M A T d H C , ' ZONE ' , 4X , 'R ' , 14X , ' Z ' , 12X , ' RADl AL V £ L . ' , 4 X , 

1 ' A X I A L V E L . ' , 5 X , ' P R E S S U R E ' , 7 X , • E N E R G Y • , 9 X , • D E N S I T Y ' , 8 X , ' M A S S ' , 
2 9 X , ' M T P H ' , / • R Z ' , / ) 

516 F C R M A T d H , 2 I 3 , 8 E 1 5 . 7 , 1 3 , 1 2 ) 
518 F O R M A T d H C , " ZONE ' , 4X , ' R ' , 14X , ' Z ' , 12X , ' RA D I AL V E L . ' , 4 X , 

I ' A X I A L V E L . • , 5 X , ' P R E S S U R E ' , 6 X , ' V I S C O U S PRESS. E N E R G Y ' , 9 X , ' D E N S ITY 
2 ' , 5 X , ' M T F H ' , / ' R Z ' , / ) 



520 FORMATdHll 
522 FOPMATdH 1 

PRINT 520 
PRINT 510,(TITL£(11,1=1,181 
PRINT 512,NCYCL,TIME 
IFINCYCL.NE.OIGO TO 30 
PRINT 514 
DO 25 J=2,JMAX2 
DO 20 1 = 2 ,IMAX2 
PRINT 516,I,J,Pd,Jl,Z( I, J), ROOT ( l,J),ZDOTd,J),P(l,JI,E(l,J), 

1RH0(I,J),^ZERC(I,J),KTX(1,J),KTY(I,J) 
20 CCNTINUE 

PRINT 522 
25 CCNTINUE 

GO TO 5 0 
30 PRINT 518 

DO 45 J=2,JMAX2 

PRINT 516,'l,J,Rd,J) ,Z( I, J ), ROOT (I, J 1, ZDOT ( I , J 1 , P ( 1 , J 1 , VP ( I , J 1 , 
IE(I,JI,PHC(I,J),KTX(I,J1,KTY(l,Jl 

4C CCNTINUE 
PRINT 522 

45 CCNTINUE 
50 CONTINUE 

RETURN 
END 

1247 
1248 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1258 
1259 
1260 
1261 
1262 
1263 
1264 
1265 
1266 
1267 
1268 
1269 
1270 
1271 
1272 

SUBROUTINE PRINTL(R,Z,RDCT,ZDOT,MZERO,P,VP,£,RHO,RO,ZO,SC,SSR,bSZ, 
1SST,SSRZ,5DR,SCZ,SDT,SRZ,STR,STZ,KTX,KTYI 

I M P L I C I T P E A L * 8 ( A - H , 0 - Z ) 
D IMENSION R n M A X 3 , J M A X 3 ) , Z ( l M A X 3 , J M A X 3 ) . R D O Y ( I M A X 3 . J M A X 3 . 

I Z D O K IMAX ^ , JMA X 3 ) , R 0 ( I M A X 3 , J M A X 3 ) , Z 0 ( I MAX 3 , JHA X3 1 , MZERO( 1 MAX J , J MAX 
2 3 ) i E d M A X ^ , J M A X 3 1 , P ( I M A X 3 , J M A X 3 1 , R H O ( I M A X 3 . J M A X 3 1 , V P ( I M A X 3 , J H A X 3 1 , 
3 S C ( I M A X 3 , J M A X 3 l , K T X ( I M A X 3 , J M A X 3 1 , K T Y d M A X 3 . J M A X 3 1 

D IMENSION S S R ( I M A X 3 , J M A X 3 I , S S Z ( I M A X 3 , J M A X 3 ,SST MAX3.JMAXJ 
D IMENSION S D R ( I M A X 3 , J I ' A X 3 1 , S O Z d M A X 3 , J M A X 3 1 , S O T ( I M A X 3 , J M A X 3 ) , S R Z d 

l S A X 3 . J M A X 3 ) . S T R ( I M A X 3 , J M A X 3 ) , S T Z ( I M A X 3 . J M A X 3 1 , S S R Z d M A X 3 , J M A X 3 1 

OIMINSION P p { 2 c ! 5 o ! , V V ( 2 0 , 5 0 1 , P 0 ( 2 0 1 , £ 0 ( 2 0 1 , G 0 ( 2 U ) , C 0 ( 2 0 ) , 
1 A A ( 2 0 1 , B B ( 2 0 1 , C C ( 2 0 1 , V 0 ( 2 0 1 , C C P ( 2 0 1 , C C K ( 2 0 ) , C P L G 1 2 0 ) 
2 , C X ( 5 0 ) , C X D ( 5 C ) , C V ( 5 0 ) , C V D ( 5 0 1 , C W B ( 2 0 1 , C W N ( 2 0 1 

DIMENSION C R H 0 ( 2 0 1 , C E ( 2 0 1 , C P ( 2 0 1 , C Y U ( 2 O I , C N U t 2 O l 

D I M E N S I O N C I J ( 5 0 ) , C X I J ( 1 0 0 0 ) , , . ^ , , , , , , 7 , , , i 
O IMENSICN u i ( 1 2 ) , 0 2 ( 1 2 ) , U 3 ( 1 2 ) , U 4 ( 1 2 ) , U 5 d 2 ) . U 6 ( 1 2 1 . U 7 l l 2 l . 

l U 8 ( 1 2 ) , U A d 2 1 , U B ( 1 2 1 , U C d 2 1 , U D d 2 l , U E ( 1 2 l , U ( 1 2 l 
7 . U F ( 121 ,UG( 12 l , U H d 2 1 , U I ( 121 , U J ( 121 . , „ , . 

C o U o N I M A X , J f i x , I M A X l , J M A X l , I M A X 2 . J M A X 2 , 1 M A X 3 , J M A X 3 , N L Y C L . 
1INDEXA,INCEXB,IV.,JH,IST0P,I0U,JQ0.IDK,J0M,NPP,NCL 
?.KXP(201,KYP(20I,KXYP(1000) 
COMMON KB 1,KB2,KB3,KFP,KPPl,KPP2,KPPX,KPPC,KPL1,KPL2 
CCMMON KI 1(50),KI2(50),KJK 501,KJ2(501,KXK1000),KXJ(1000) 

1273 
1274 
1275 
1276 
1277 
1278 
1279 
1280 
1281 
1282 
1283 
1284 
1285 
1286 
1287 
1288 
1289 
1290 
1291 
1292 
1293 
1294 
1295 
1296 
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CCMMON 111(10),112(10),121(10),I22( 
lJ22d0),IlX,I2X,JlX,J2X,KK(120) 
CCMMQN /A/D£LT,DELTO,TIM£,0IST,WMAX 

1 CC,V0,CCF,CCK,CX1,CX2,CX3,CX,CXD,C 
1,CRH0,CE,CP,£Z£R0,EB,CPLG,PLUG,CWB, 
3,PLGFd00C),TME( 1000) ,PRS{6, 1000) 
REAL*4 TME,PLGF,PRS,TIN 
REAL*4 TITLE 

REAL*8 MZERC 
,U2,U3,U4,U5,U6,U7,U8,UA,UB,UC,UD,UE,U 

,U1,UJ 
KTX,KTY 

RADIAL POSITION OF GRID POINTS AT 
AXIAL POSITION OF GRID POINTS AT 

RADIAL VELOCITY OF GRID POINTS AT 
AXIAL VELOCITY CF GRID POINTS AT 

PRESSURE OF ZONES AT 
VISCOUS PRESSURE OF ZONES AT 

SPECIFIC INTERNAL ENERGY OF ZONES AT 
DENSITY OF ZONES AT 

'RACIAL DISPLACEMENT OF GRID POINTS AT 
AXIAL DISPLACEMENT OF GRID POINTS AT 

RADIAL STRAIN OF ZONES AT 
AXIAL STRAIN OF ZONES AT 

ANGULAR STRAIN OF ZONES Al 
SHEAR STRAIN UF ZONES AT 

RACIAL STRESS OF ZONES AT 
AXIAL STRESS UF ZONES AT 

ANGULAR STRESS OF ZONES AT 
SHEAR STRESS OF ZONES AT 

SMR=0. 
SMZ = 0. 
SMT=0. 
SMD=0. 
SMSR=0. 
SMSZ=0. 
SMST=0. 
SMSD=0. 
RM = 0. 
ZM=0. 
RDCTM=0 
ZDOTM=0 
PM=0 
VPM=0 
£M=0 
RHCM=0 

DC 80 J=2,JMAX2 
DO 80 I=2,IMAX2 
R M = 0 M A X 1 ( R M , C A B S ( R ( I , J 1 - R 0 I I , J I ) ) 
ZM=DMAXK ZM,CABS(Z( I , J ) - Z O ( I , J ) ) ) 
RD0TM = DMAX1(RCCTM,DABS(ROOT( I , J ) ) ) 
ZDOTM=DMAXKZD0TM,DABS(ZC0T( I , J ) ) ) 
I F ( I . E Q . I M A X 2 . C R . J . £ 0 . J M A X 2 ) G O TO 80 
P ^ = D M A X 1 ( F M , D A B S ( P ( I , J l ) ) 
E M = O M A X K E M , C A B S ( £ ( I , J 1 1 1 

1 0 1 , J I K 1 0 1 , J 1 2 ( 1 0 1 , J 2 K 1 0 I , 

, T K L E , P P , V V , P U , E U , G C , t O , A A , B B , 

V,CVD,PMASS 
CWN,CY0,CNU,C1J,CXIJ 

KtAL 
1,0F, 

»<!• U l , 

UG,UH, 

INTEGER»2 
DATA 

1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
A 
B 
B 
B 
B 
B 
B 

Ul /' 
U2 /• 
U3 /' 
U4 /' 
U5 /• 
U6 / ' 
U7 /' 

U8 / ' 
UA / ' 
UB /' 
UC /' 
UO /• 
UE /' 
UF /' 

UG /' 

UH /' 
Ul /' 
UJ /' 

TIME 
TIME 
TIME 
TIME 
TIME 
TIME 
TIME 
TIME 
TIME 
TIME 
TIME 
TIME 
TIME 
TIME 
T 1M£ 
TIME 
TIME 
TIME 



V P 1 = V P ( I , J l 
V P M = D M A X l ( V P h , C A B S ( V P l l ) 
B H O M = D M A X 1 ( R H C M , D A B S ( R H O ( I , J ) l I 

SMPT = SSP( I , J ) 
S M Z T = S S Z ( I , J ) 
S M T T = S S T ( I , J ) 
SMOT = S S R Z d , J ) 
SMR=0MAX1(SMR,CABS(SMRT1) 
S M Z = 0 M A X 1 ( S M Z , C A B S ( S M Z T I ) 
SMT = DMAX1(SMT,CABS(SMTT ) l 
SMD=DMAX1(SMC,DABS(SMDT) ) 
SMSR = 0 M A X 1 ( S M 5 R , 0 A B S ( S O R d , J l l ) 
S M S Z = D M A X 1 ( S M S Z , C A 8 S ( S D Z ( I , J 1 ) ) 
SMST = O M A X l ( S M S T , D A B S ( S D T d , J ) ) 1 
SMSO = DMAXKSMSD.CABS(SRZd.Jl)) 

60 CCNTINUE 

IF(NCYCL)E5.e5.88 

85 CCNTINUE 

RM=R(IMAX2,21 

ZM=Z(2,JMAX21 

CO 101 K=l,12 

101 U(K1=U1(K) 
CALL D1SP(SC,R,PM,U , I2X , J2X,121.122.J21,J22, KK 1 

00 102 K=l,12 

^"^ C A L L " D I S P ( S C , Z , Z M , U , I 2 X , J 2 X , I 2 1 , 1 2 2 , J 2 1 , J 2 2 , K K 1 

GO TO 100 

88 CCNTINUE 
DO 9 0 J = 2 , J M A X 2 
DO 9 0 I = 2 , I M A X 2 
SC( I , J I = R ( I , J I - R O d , J l 

90 CCNTINUE 
00 1 0 9 K = l , 1 2 

109 U ( K 1 = U A ( K 1 , 
CALL D I S P ( S C , S C , R M , U , 1 2 X , J 2 X , 1 2 1 . 1 2 2 , J 2 I , J 2 2 , K K I 
DO 95 J = 2 , J M A X 2 
DC 95 I = 2 , I M A X 2 
SC( I , J l = Z d , J I - Z 0 ( I , J ) 

95 CONTINUE 
DO U O K = l , 1 2 

" ° c l L r D ? S P ( ' s C , S C , Z M , U , I 2 X , J 2 X , I 2 1 , I 2 2 . J 2 1 . J 2 2 . K K , 

IOC CCNTINUE 

DC 1 0 3 K = 1 . 1 2 

' " c i L L ^ O I S P ( ' s C . R O O T , R D O T M , U , I 2X . J 2 X , I 21 , 1 22 , J 2 1 , J22 , KK , 

DO 1 0 4 K = l , 1 2 

' ° ' c l L r o t s P ( ' s C , Z D O T , Z O O T M , U , I 2X , J 2 X , I 2 1 , 1 22 , J 2 l , J22 , K K , 

DO 1 0 5 K = l , 1 2 

' " c r L L ^ O I S p ! s C , P , F M , U , I 1 X , J 1 X , I U , I 1 2 , J 1 1 , J 1 2 . K K ) 

0 0 1 0 6 K = l , 1 2 
106 U ( M = U 6 ( K ) 

DC 2 2 5 J = 2 , J M A X 2 
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1407 
DO 225 I=2,IMA>2 l^Ob 
SCI I, l) = VP(I,J) 1^09 

2 " ^^f^^'^^VL.., .. ..„. .. ,. ,.,.M...n..Jl2.KK) 1410 
1411 

CALL DISP(St,SC,VPM,U ,I IX,J IX, 111,I 12,Jll.J12.KK) 

DO 107 K=l,12 

1 " ^!^'=HJi^^. . .„ „ . , . . . , , . , , , . , , . . j d . j i 2 . K K ) J4I3 CALL DISP(SC,E,EM,U ,IIX,JIX,111,112.J 11.J12.KK) 

00 108 K=l,12 

CALL 0ISP(SC,RH0,RH0M,U ,IIX,JIX,111,I 12,Jll,J12,KK ) 1416 

DO H I K=l,12 
111 U(K1=UC(K 1 

DO 221 J=2,JMAX2 
DO 221 I=2,IMAX2 
SCI I,Jl = SSRd,Jl 

221 CCNTINUE 

1414 
1415 

1417 
1418 
1419 
1420 
1421 
1422 

CALL DISP(SC,SC,SMR ,U ,IIX,JIX,111,112,Jl1,J12,KK1 1423 
1424 
1425 

CO 112 K=l,12 
112 U(K1=UD(KI 

DC 222 J=2,JMAX2 1*2° 
DO 222 I=2,IMAX2 J*2T 
S C d , J1 = SSZ(I,J1 J*28 

222 CONTINUE 1*2' 
CALL DISP(SC,SC,SMZ ,U , IIX,JIX,111,112,Jl1.J12,KK1 1430 
00 113 K=l,12 1*31 

113 U(K1=U£(K1 1*32 
DO 223 J=2,JMAX2 1*33 
DO 223 I=2,IMAX2 1*34 
SC(I,JI=SST(I,J) 1435 

223 CCNTINUE 1436 
CALL DISPISCSCSMT ,U , IIX , JIX , 111,112 , Jl 1, J12,KK ) 1437 
DO 114 K=l,12 1438 

114 U(K1=UF(K) 1439 
CO 224 J=2,JMAX2 1440 
DO 224 I=2,IMAX2 1441 
SC( I,J) = SSRZd,J) 1442 

224 CCNTINUE 1443 
CALL DISP(SC,SC,SMD ,U ,1IX,JlX,I 11,112,Jl1,Jl2,KK) 1444 
DO 115 K=l,12 1445 

115 L(K)=UG(K) 1445 
CALL DISP(SC,SOR,SMSR,U ,IIX,J IX,111,112,Jl1,J12,KK) 1447 
DO 116 K=l,12 1448 

116 U(K)=UH(K) 1449 
CALL DISP(SC,SCZ,SMSZ,U ,IIX,J IX,111,I 12,J 11,J 12,KK ) 1450 
DC 117 K=l,12 1451 

117 U(K)=UI(K) 1452 
CALL DISP{SC,SDT,SMST,U ,1IX, JIX , II1,112 , Jl 1, J12,KK ) 1453 
DO 118 K=l,12 1454 

118 U(K1=UJ(K) 1455 
CALL DISP(SC,SRZ,SMSO,U ,IIX,JIX, 111,112,Jl1,J12,KK ) 1456 
PRINT 530 1457 

530 FORMATdHl) 1458 
RETURN 1459 
END 1460 
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SUBROUTINE DlSP(KC,B,AMAX,U,I X,JX,11,12,Jl,J2,KK) 1461 
IMPLICIT REAL«e(A-H,0-Zl 1*«'2 
DIMENSION KC(IMAX3,JMAX31,B( IMAX3,JMAX31 ,U(121,IK10),I 2(10), 1463 

IJKIO) , J2dO),KK( 120) ,TnLE(20) 14*4 
D I M E N S I O N P P ( 2 0 , 5 0 I , V V ( 2 0 , 5 0 ) , P O ( 2 0 ) , E O ( 2 0 ) , G O ( 2 0 ) , C O ( 2 0 ) , 1 4 6 5 

1 A A ( 2 0 ) . B B ( 2 0 ) , C C ( 2 0 ) , V 0 ( 2 0 ) , C C P ( 2 0 ) , C C K ( 2 0 ) , C P L G ( 2 0 ) 1 4 6 6 
2 , C X ( 5 0 ) , C X D ( 5 C ) , C V ( 5 0 ) , C V D ( 5 0 1 , C W B ( 2 0 I , C W N ( 2 0 1 1 4 6 7 

D I M E N S I O N C R H O ( 2 0 1 , C £ ( 2 0 1 , C P ( 2 0 1 , C Y O ( 2 0 1 . C N U ( 2 0 ) 1 4 6 8 
O I M E N S I C N C I J ( 5 0 ) , C X I J ( 1 0 0 0 ) 1 4 6 9 
CCMMON I M A X , J M A X , I M A X 1 , J M A X 1 , 1 M A X 2 , J M A X 2 , I M A X 3 , J M A X 3 , N C Y C L . 1 4 7 0 

1 I N D E X A , I N D E X e , I W , J W , I S T O P , m Q , J Q O , I C M , J D M , N P P , N C L 1 4 7 1 
2 , K X P ( 2 0 ) , K Y P ( 2 0 ) . K X Y P d O O O ) 1 * 7 2 

CCMMON K B 1 , K E 2 , K B 3 , K P P , K P P l , K P P 2 , K P P X , K P P C , K P L 1 , K P L 2 1 4 7 3 
COMMON K I K 501 , K I 2 ( 5 0 1 , K J K 501 , K J 2 ( 5 0 ) , K X K 1 0 0 0 ) , K X J d O O O l 1 4 7 4 
COMMON / A / 0 E L T , C E L T 0 , T I M E , 0 I S T , W M A X , T I T L E , P P , V V , P O , E O , G O , C U , A A , B B , 1 4 7 5 

1 C C , V O , C C P , C C K , C X l , C X 2 , C X 3 , C X , C X O , C V , C V D , P M A S S 1 4 7 6 
1 , C R H 0 , C E , C P , E Z E R 0 , E B , C P L G , P L U G , C W B , C W N , C Y U , C N U , C 1 J , C X I J 1 4 T 7 
3 , P L G F d O O C l , T M E d 0 0 0 1 , P R S ( 6 , 1 0 0 0 1 14''8 

R £ A L » 4 T M £ , P L G F , P P S , T I N 1 * J ^ 
R E A L * 4 T I T L E 
R E A L * 4 U 

500 F O R M A T d H l ) 
502 F 0 R M A T ( 2 5 X , 1 8 A 4 ) . , , _ ^ 
504 F O R M A T d H C , 5 X , 1 1 A 4 , E 1 5 . 7 , ' AND D-T IME = ' , E 1 5 . 7 , • AT C Y C L E - ' , 1 4 ) 1 4 6 4 
5C8 F O R M A T I I H , 5 X , ' M A XIMUI- A B S . VALUE = ' , £ 1 5 . 7 , ' TO SMALL-NO P R I N T O U T ' 1 4 8 5 

1460 
1461 
1462 
1483 

1495 
1496 

1 ) l " ' * " 
510 F O R M A T d H , 5 X , ' M A X I M U M A B S . VALUE = ' , £ 1 5 . 7 , ' SCALE FACTOR = ' , £ 1 0 . 2 1 4 8 7 

1) '*'* 
512 FORMATdHC,2X,' R',25I5) J"' 
514 FCRMATII4,1X,25I51 J 
516 F0RMAT(3X,'Z') * ,2 

CMAX=AMAX ,,_, 
IF(AMAX.EC.0)G0 TO 240 J^^^ 
1 = 0 , 
DO 30 J=l,100 
KAM=AMAX l^^j 
IF(KAM.EO.O)GC TO 40 l^,g 
AMAX=0.1*AMAX 1^99 
1=1*1 1500 

30 CONTINUE 1501 
40 DC 50 J=l,100 1502 

AMAX=10.*AMAX 1503 
KAM=AMAX 1504 
IF(KAM.GT.O)GC TO 60 1505 
1=1-1 1506 

50 CCNTINUE 1507 
GO TO 240 1508 

60 IF(AMAX.01.9.999)1=1+1 1509 
C=10.**(4-I) 1510 
CU 80 J = 2 ,JMAX2 1511 
DO 80 I=2,IMAX2 1512 
KC( I,JI = E'I'J'*'^ 1513 

80 CCNTINUE 1514 
DO 200 I=l''5 1515 
CO 200 J = 1,J'< 
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PRINT 500 
PRINT 502,(TITLE(K),K=1,18) 
PRINT 504,(0(K1,K=1,11),TIME,D£LT,NCYCL 

PRINT 510,CMAX,C 
Kl = Ild 1 
K2=I2( I I 
PRINT 512 ,(KK(K1,K=K1,K2) 
PRINT 516 
L1=J1(J) 
L2=J2(J) 
DC 140 L = d,L2 
PRINT 514,L,(KC(K,L),K=K1,K21 

140 CCNTINUE 
200 CONTINUE 

GO TO 300 
240 PRINT 500 

PRINT 502,(TITLE(K1,K=1,18I 
PRINT 504,(U(K1,K=l,111,TIME,DELT,NCYCL 
PRINT 5C8,CMAX 

300 RETURN 
END 

1516 
1617 
1518 
1519 
1520 
1521 
1522 
1523 
1524 
1525 
1526 
1527 
1526 
1529 
1530 
1531 
1532 
1533 
1634 
1535 
1536 

SUBROUTINE PICT(R,Z,P 
IMPLICIT REAL*8(A-H,0 
DIMENSION 1 X 1 ( 5 0 1 , 1 X 2 
DIMENSION R( IMAX3,JMA 
DIMENSION l.AME(50),LL 
DIMENSION TITLE(20) 
DIMENSION PP(20,50),V 

lAA(20l,Be(201,CC(201, 
2,CX(50),CXD(50),CV(50 
DIMENSION CRHC(20),C£ 
DIMENSION CIJ(5C),CXI 
COMMON IMAX,JMAX,IMAX 

1INDEXA,INCEXB,IW,JW,I 
2,KXPIZ0),KYP(2C1,KXYP 
CCMMIN KB1,KB2 ,KB3,KP 
COMMON K I K 5 0 1 , K I 2 
CCMM3N 1 1 1 ( 1 0 1 , 1 1 2 ( 1 0 

l J 2 2 d O ) , I 1 X , I 2 X , J 1 X , J 
CCMMON /A/nELT,CELTO, 

1 cc,vo,ccF,ccK,cxi,cx 
1,CRHO,CE,CP,EZERO,£B, 
3,PLGFd00C),TME(1000) 
REAL*4 TME,PLGF,PRS,T 
REAL*4 TITLE,TMM,AX(2 
REAL*8 MZERO 
REAL*4 DEL,R1,R2,RR,R 
REAL*4 PMAX,PZ,PP1 
INTEGER*2 KTX,KTY 
IF(LAST)2C,40,40 

,LAST) 
-Zl 
(50),JXK50) ,JX2( 50) 
X31 ,ZdMAX3, JMAX31 ,P( IMAX3,JMAX3 1 
AM£(11,NX1(501 

V ( 2 0 , 5 0 1 , P 0 ( 2 0 1 , E 0 ( 2 0 1 , G U ( 2 0 1 , 0 0 ( 2 0 1 , 
V 0 ( 2 0 1 , C C P ( 2 0 1 , C C K ( 2 0 1 , C P L G ( 2 0 1 
) , C V D ( 5 0 I , C W B ( 2 0 I , C W N ( 2 0 1 
( 2 0 I , C P ( 2 0 ) , C Y O ( 2 0 ) , C N U ( 2 0 ) 
J ( 1 0 0 0 ) 
1 , J M A X 1 , I M A X 2 , J M A X 2 , 1 M A X 3 , J M A X 3 , N C Y C L , 
S T O P , I Q Q , J Q U , I D N , JDM,NPP,NCL 
( 1 0 0 0 ) 
P , K P P I , K P P 2 , K P P X , K P P C , K P L 1 , K P L 2 
( 5 0 1 , K J 1 ( 5 0 1 , K J2 ( 5 0 1 , K X K 1 0 0 0 1 , KXJ d O O O ) 
l , I 2 1 ( 1 0 1 , I 2 2 d 0 ) , J l l ( 1 0 1 , J 1 2 d 0 l , J 2 1 d 0 l , 

i 2 X , K K d 2 0 1 
TIME,DIST,WMAX,TITL£,PP,VV,PU,EO,GO,tU,AA,BB, 
2,CX3,CX,CXD,CV,CVD,PMASS 
CPLG,PLUG,CWB,CWN,CY0,CNU,C1J,tXIJ 
,PRS(6,10001 
IN 
01 

R1,RR2,ZZ,ZZ1,ZZ2 

1537 
1538 
1639 
1540 
1541 
1542 
1643 
1544 
1545 
1545 
1547 
1548 
1549 
1550 
1551 
1652 
1553 
1554 
1565 
1556 
1557 
1558 
1559 
1560 
1561 
1562 
1563 
1664 
1666 
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20 CONTINUE 
REAC 5 2 0 , N 
P R I N T 5 2 0 , N 
I F ( N ) 2 2 , 2 2 , 2 1 

21 READ 5 2 0 , ( I X K L 1 , I X 2 ( L I . J X K L ) . J X 2 ( L ) . L = 1 . N ) J = ' " 

1 S 6 6 
1 5 6 7 
1566 
1569 

PRINT 5 2 0 . ( I X 1 ( L ) . I X 2 ( L I . J X 1 ( L ) . J X 2 ( L ) . L = 1 . N ) 

22 CCNTINUE 
5 2 0 F U R M A T d 2 I 6 ) 
5 3 0 F 0 R M A T d 8 A 4 ) 

READ 5 2 2 , N N M , P M A X 
PRINT 5 2 3 , N N M , P M A X 

522 F O R M A T ( I 6 , F 1 2 . C ) 
I F ( N N M 1 3 2 , 3 2 , 3 0 

30 READ 5 2 0 , ( N X 1 ( L 1 , L = 1 , N N M ) 
PRINT 5 2 0 , ( N X 1 ( L ) , L = 1 . N N M ) 
0 0 3 1 L = 1 , N N M 
J = I A B S ( N X K L I ) 
I F I N X K L I 1 2 7 , 3 1 , 2 9 

27 CALL C O N V C C ( '"Z = " ' , I 2 ) • . L A M E ( L ) . 0 , K R R , J ) J ' ° ^ 

GO TO 3 1 
2 9 CALL C C N V C C ( ' 'R = " " , I 2 ) • , L A M E ( L ) , 0 , K R R , J 1 

31 CCNTINUE 

1572 
1573 
1574 
1575 
1576 
1677 
1578 
1579 
1580 
1581 
16 82 
1583 

1586 
1587 
1 688 

523 FCRMAT(I6,E15.71 ^^g, 
531 FORMATdHC,18A4) ^^^0 
32 CONTINUE 1591 

NNN=0 1592 
CALL FLINCd) 15,3 
CALL FLINK(21 1594 
CALL FCHSZ(31 ,505 
CALL FTEXT(TITLE,72,1.ICC,2000) J^^^ 
CALL FCHSZ(2) 15,, 
CALL FMAREA(220C,2200) 
CALL FXYTPNdOOC,10001 1599 
CALL FACV(41 ^ 1(,00 
R5=R(2,21 1601 
Z5=Z(2,21 1602 
R6=RdMAX2, JMAX21 U,03 
Zt=Z(IMAX2,JMAX21 1^04 
R3=R6-R5 1605 
Z3=Z6-Z5 1606 
IF(R3-Z3124,24,26 ^,07 

24 R1=0.05*Z3 1608 
R2=Z3*2.*P1 1609 
GO TC 28 1610 

26 R1=0.05*R3 1611 
R2=R3+2.*R1 1612 

28 CONTINUE 1613 
LA5T=C 1614 
R1=-P1 1615 

40 CCNTINUE 1616 
J ^ L [ ^ C S N V C ( ' C " C Y C L E = " , I 4 . - T I M E = ' ' , F 1 1 . 8 I ' , A X , 0 , K R K , N C Y C L . T M M . 1617 

CALL FDATN(21 I619 
CALL FXYLIM(R1,R1.P2.R2» J^Jo 
DO 60 I=2.IMAX2 
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1 1 = 1 + 1 
DO 6 0 J = 2 . J M A X 2 
J 1 = J + 1 
R R = R ( I , J 1 - R 5 
ZZ = Z d , J I - Z 5 
I F d . E Q . K ' A X 2 1 G 0 TO 50 

R R 1 = R ( I 1 , J 1 - R 5 
Z Z 1 = Z ( I 1 , J I - Z 5 
CALL F L N S G I R R , Z Z , R R 1 . Z Z 1 1 

50 I F ( J . E Q . J f A X 2 1 G C TO 6 0 
RRl = R d , J l l - R 5 
ZZl = Z d , J l ) - Z 5 
CALL F L N S G ( R R , Z Z , R R 1 , Z Z 1 ) 

60 CCNTINUE 
I F ( N ) 7 9 , 7 " ; , 5 4 

64 CONTINUE 
DO 78 L = 1 , N 
I P 1 = I X 1 ( L ) 
I P 2 = I X 2 ( L ) 
JP1 = J X K L ) 
J P 2 = J X 2 ( L 1 
I F d P 2 - I P 1 1 6 6 , 6 6 , 7 2 

66 I = I P 1 
K P 2 = J P 2 - 1 
DC 70 J = J P 1 , K P 2 
J l = J t l 
RR=R( I , J 1 - R 5 
ZZ = Z d , J ) - Z 5 
R R 1 = R ( I , J 1 ) - P 5 
Z Z 1 = Z ( I , J 1 ) - Z 5 
DO 5 8 K = l , 3 
CALL F L N S G ( R R , Z Z , R R 1 , Z Z 1 I 

68 CCNTINUE 
70 CCNTINUE 

GO TO 78 
72 J=JP1 

K P 2 = 1 P 2 - 1 
DO 75 I = I F 1 , K P 2 
1 1 = 1 + 1 
R R = R ( I , J ) - R 5 
Z Z = Z ( I , J ) - Z 5 
R P l = R d l , J l - R 5 
Z Z 1 = Z ( I 1 , J 1 - Z 5 
DO 74 K = l , 3 
CALL F L N S G ( R R , Z Z , R R 1 , Z Z 1 1 

74 CCNTINUE 
76 CCNTINUE 
78 CONTINUE 
79 CONTINUE 

CALL FTEXT(AX,27,1,R2*0.05,R2*0.95) 
CALL FADV(4) 
IF(NNM)22C,220,110 

U O RP1 = PMAX*1.1 

CALL FXYLIM(R1,P1,R2,RR1) 
00 200 K=1,NNM 

1621 
1622 
1623 
1624 
1625 
1626 
1627 
1628 
1629 
1630 
1631 
1632 
1633 
1634 
1635 
1636 
1637 
1638 
1639 
1640 
1641 
1642 
1643 
1644 
1646 
1646 
1547 
1648 
1649 
1650 
16.51 
1652 
1653 
1654 
1655 
1656 
1557 
1658 
1659 
1660 
1661 
1662 
1663 
1564 
1664 
1666 
1666 
1667 
1568 
1669 
1700 
1701 
1702 
1703 
1704 
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L L A M E d 1=LAME( KI 
CALL F T E X T ( A X , 2 7 , 1 , R 2 » 0 . 0 5 , P M A X » 1 . 0 5 1 
CALL F T E X T ( L L A M E , 4 , 1 , R 2 » 0 . 0 5 , P M A X * 1 . 0 0 1 
I F ( N X K K I 1 1 2 0 , 1 6 0 , 1 6 0 

120 J = I A B S ( N X K K ) ) 
R R = R ( 2 , 2 ) - R 5 
ZZ = 0 . 
R R 1 = R ( I M A X 2 , 2 1 - R 5 
ZZ1=PMAX 
DO 1 2 2 L = l , 3 
CALL F L N S G I R R , Z Z , R R 1 , Z Z ) 
CALL F L N S G I R R , Z Z , R R , Z Z 1 1 

122 CONTINUE 
11 = 2 
I 2 = I M A X 1 
DO 1 4 0 1 = 1 1 , 1 2 
R R = R ( I , J I - R 5 
P Z = P d , J l 
R R 1 = R ( I + 1 , J 1 - P 5 
P P l = P d + l , J l 
CALL F L N S G I R R , P Z , R R 1 , P P 1 ) 

140 CCNTINUE 
GO TO 1 9 0 

1 6 0 I = N X 1 ( K ) 
R R = Z ( 2 , 2 1 - Z 5 
ZZ = 0 . 
RR1=Z(2,J^AX2)-Z5 
ZZ1=PMAX 
DO 162 L=l,3 
CALL FLNSG(RR,ZZ,RR1,ZZ1 
CALL FLNSGIRR,ZZ.RP.ZZl) 

162 CONTINUE 
Jl = 2 
J2=JMAX1 
00 180 J=Jl,J2 
RR=Z(I,J1-Z5 
PZ=P(I,Jl 
RRl = Z d ,J + 1I-Z5 
PP1=P(I,J+1) 
CALL FLNSG(RR,PZ,RR1.PP1) 

180 CONTINUE 
190 CCNTINUE 

CALL FADV(4) 
200 CONTINUE 
220 CONTINUE 

IF(LAST11C0,10C.80 
8C CONTINUE 

CALL FACV(41 
CALL FDATM(3) 
CALL FMAREA(40CC,40001 
CALL FXYTRN(0,0) 
CALL FCHSZ(3) 
CALL FTEXT(T1TLE,72.1,ICO.20001 
CALL FCHSZ(21 
CALL FACV(41 
CALL FEOF 

100 RETURN 
END 

1705 
1706 
1 707 
1708 
1709 
1710 
1711 
1712 
1713 
1714 
1715 
1716 
1717 
1718 
1719 
1720 
1721 
1722 
1723 
1724 
1725 
1726 
1727 
1726 
1729 
1730 
1731 
1732 
1733 
1734 
1735 
1736 
1737 
1736 
1739 
1740 
1741 
1742 
1743 
1744 
1745 
1746 
1747 
1748 
1749 
1750 
1751 
1752 
1753 
1754 
1755 
1 756 
1757 
1758 
1759 
1760 
1761 
1762 
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